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Correlation of Intrinsic Factor Activity of Hog 
Stomach Preparations with Their Paper-Electro- 
phoretic Patterns, Sedimentation Constants and 
B,.-Binding Capacity* 
By 


George B. Jerzy Glass, Theodore A. Jacob, 
Donald E. Williams, and Eugene E. Howe 


From the Department of Medicine and the Gastroenterology Research 
Laboratory, New York Medical College, Flower & Fifth Avenue and 
Metropolitan Hospitals, and the Merck Sharp & Dohme Research 
Laboratories, Division of Merck © Co., Inc., Rahway, N. J. 
(Received for publication, June 29, 1959) 


We wish to report on preparations of intrinsic factor obtained by 
fractionation in the preparative ultracentrifuge of concentrates processed 
from hog pyloric mucosa by a multistep ammonium sulfate precipitation 
procedure. Fractions were obtained which showed high intrinsic factor 
activity on isotope and hematological assay at doses as low as 0.4—1.0 mg. 
The paper-electrophoretic patterns, sedimentation constants, B,.-binding 
capacity and carbohydrate composition of these materials was correlated 
with their intrinsic factor activity. 


METHODS 


Ammonium sulfate precipitation: ‘Twelve kilograms of ground pyloric 
mucosa were extracted, twice at 0°C. with 201. acetone, and once with 
10 1. ethyl ether, and air-dried to yield 2.0 Kg. of desiccated and defatted 
solids. The solids were stirred with 101. of 2°% sodium chloride solution 
for 14 hours at room temperature. The slurry was mixed with 1.5 Kg. 
of Supercel and divided into small portions which were then wrapped in 
filter duck and expressed at 450 p.s.i. on a manual Carver press. The yield 
of expressed fluid was 7.1 1., pH 6.3, with a non-dialyzable solids content 
of 30 g./l. 

In accordance with the modified procedure of Prusoff e¢ a/.!’, the pH 
of the extract was adjusted to 9.0, then lowered to 1.5 and, after filtration, 
raised to pH 4.5. Solid ammonium sulfate was now added to the extract 
in seven steps at saturation values ranging from 17 to 92% (see Table I). 


* Read, in part, at the Annual Meeting of the American Society of Hematology, Atlantic 
City N.J., on April 27, 1958. 
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Ammonium Sulfate Fractionation of a Saline 
Extract of Hog Pyloric Mucosa* 





— 


Precipitate 


Ammonium sulfate added dialyzed & freeze-dried 





Precipitate 
Weight inGm. % of Saturation(**» WeightinGm. Yield in %(***) 
se 557 17 3.4 0.22 
Me 417 30 a2 0.28 
“¢? 278 39 2.3 0.15 
“a” 278 47 4.1 0.27 
“e 278 56 3.6 0.24 
a 419 69 3.0 0.20 
i 757 92 28.7 1.89 


* The volume of saline extract used was 5.4 1., equivalent to 1.52 Kg. of dried. 
** The concentration of ammonium sulfate at saturation was 650Gm/1. of 
saline extract. 


*** The per cent yield was based on the weight of dry pyloric mucosa, 1.52 Kg. 


Each precipitate which formed was collected separately, centrifuged, di- 
alyzed against cold running water and freeze-dried. All pH adjustments, 
precipitations and centrifugations were carried out at 0°C. to 5°C. The 
seven consecutive precipitates were marked from ‘A’ to‘G’. In Table I 
are shown the amounts of ammonium sulfate added and the yield of each 
of the precipitates obtained. 

Preparative ultracentrifugation: Precipitate ‘ D’ was further fractionated 


TABLE II 


Sedimentation Constants and B,.-Binding Capacity of 
Fractions Precipitated by Ammonium Sulfate 
Fractionation from Hog Pyloric Mucosa i 





Ammonium Sedimentation B,.-Binding 

Precipitate sulfate constant '*? capacity ‘**? 

°% saturation S2o.H20 my! B,./mg. 
“-_ $7". 168 
“3° 30 195 
“G* 39 2.44 (90%) ; 4.76 (10%) 364 
a 47 1.82 ( » - 4.32 ( » ) 560 
‘7 56 1.52 ( » - 4.63 ( 3; ) 607 
eg 69 LOG ( « )s £33 ( » ) 675 
ec 92 1015 


* Measured in Spinco model E ultracentrifuge at 59,780 rpm. 


** Measured by a dialysis method using Co® By». 
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in the preparative ultracentrifuge by a scheme similar to that used in 
fractional recrystallization. Four stages of sedimentation were each run 
at 50,740 rpm for 20 hours at 9°-10°C. ‘The fractions obtained were 
dialyzed and lyophilized, and designated ‘ a-1 ’, ‘ b-1’, ‘ c-1’, ‘d-1’” and 
‘ e-1 ’ in the order of their increasing sedimentation constants. (Table ITI, 
first preparative run). 

Precipitates ‘C’, ‘D’, ‘E’ and ‘F’ were pooled in the ratio of 
22% *C’,5% *‘D’, 40% ‘ E’ and 33% ‘F’, and this pool was also frac- 
tionated in the preparative ultracentrifuge by the same procedure as 
described above. The resulting fractions were designated ‘ a-2’, ’ b-2 ‘. 
‘c-2’, ‘d-2’ and ‘e-2’. (Table III, second preparative run). The 
fractions ‘ a-2’ and ‘ c-2’ were extensively dialyzed for three days. ‘The 
external dialysis fluids were freeze-dried and designated ‘a-2y’ and 
*c-24’, respectively. The fractions ‘ b-2’, ‘d-2° and ‘e-2’ were lyo- 
philized without dialysis to avoid the large losses which occurred during 
dialysis of materials derived from the first preparative run. 

Sedimentation constants of precipitates C, D, E, F and fractions c-1, d-1, 
e-1, b-2, c-2, d-2 and e-2 were determined in the Spinco Model E ultra- 
centrifuge at 59,780 rpm in phosphate buffer of pH 6.7 at concentrations 
of 24-26 mg./ml. The sedimentation constants were referred to water at 
20° C. and calculated for 14}°% solutions of these materials. 

Assay of intrinsic factor activity: Intrinsic factor activity was measured 
by two isotope technics: 1) the urinary excretion test of Schilling”, on 
5 patients with pernicious anemia in remission, and 2) the hepatic uptake 
test of Glass et al.) on 9 other patients with pernicious anemia in remis- 
sion. The radioactive Co®B,, used for these tests was of a specific activity 
of 0.68-1.12 wc./ug.* The dose used for the urinary excretion test was 
2 wg. and that for the measurement of the hepatic uptake test was 0.5 ug. 

In addition, an assay of the intrinsic factor activity of one of the frac- 
tions studied, ‘ e-1 ’, was performed by the classical method of testing the 
reticulocyte and red cell response*) to oral treatment with B,, and intrinsic 
factor material on 2 patients with pernicious anemia in relapse. 

Paper-electrophoretic analysis: ‘The method of Glass et al.®) was used: 
1 mg. of dialyzed and lyophilized intrinsic factor material was dissolved 
in a borate buffer of pH 9.0 and ionic strength of 0.12 and run in a vertical 
Spinco cell against the same buffer on Whatman No. | paper at 0.4 mA/cm 
and 120 volts for 5} hours. After being oven-dried, the strips were dif- 
ferentially stained with amido black 10B*, light green SF stain”) and 
periodic acid-Schiff stain®’, then scanned, traced and integrated in the 


* Generously supplied by Dr. N. Ritter and Dr. C. Rosenblum of Merck & Co., Inc., Rah- 
J. 


way, N. 
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Analytrol. 

Vitamin B,.-binding capacity was assayed by the dialysis method of 
Rosenblum ¢¢ al.®, using Co®B,.. 

Assay of pepsin was done by the Glass e¢ al. modification! of the Anson- 
Mirsky hemoglobin method. 

Carbohydrate spectrum: In precipitate ‘ D’ and fractions ‘ a-2’, ‘c-2’ 
and ‘e-2’, the following measurements were performed: non-hexosamine 
hexoses were measured by the Badin et al.) modification of the Shetlar 
et al.'*) tryptophane method ; hexosamine, by the Rimington modification! 
of the Morgan-Elson method; fucose (methyl-pentose), by the cysteine 
method of Dische and Shettles!®’; sialic acid, by the method of Werner’® 
with the use of Bial reagent. 


RESULTS 


Sedimentation constants: Precipitates ‘C’ through ‘F’, as shown in 
Table II, each consisted of two major components: 1) a small (10%) 
homogeneous component of relatively high molecular weight, with a 
SooH,0 ranging from 4.32 to 4.83 (average: 4.68), and 2) a large (90%), 
very heterogeneous component of low and medium molecular weight, 
with a S.o,4,.0 ranging from 1.52 to 2.44S. 

Sedimentation constants of fractions ‘c-1’, ‘d-l’ and ‘e-l’, ob- 
tained by preparative ultracentriugation of precipitate ‘D’, were in the 
progressively increasing range of from 1.0 to 4.75S (Table III). The 
four other fractions, ‘ b-2’, ‘ c-2’, ‘ d-2’ and ‘ e-2’, obtained by fraction- 
ation of a pool of precipitates ‘C’ through ‘ F’, also showed gradually 
increasing sedimentation constants in the range of 0.78-5.66 S (Table IIT). 

The relatively homogeneous, high molecular weight component of 
precipitate ‘D’, with a sedimentation constant of over 4S (Table ITI) 
was recovered only within the fraction ‘ e-1’, where it was found to be 
about 4 times more concentrated than in the starting material (precipitate 
‘D’). Similarly, this component became over 5 times concentrated within 
the fraction ‘ e-2’ in the second preparative run. 

Intrinsic factor activity, as measured by isotope technics: Precipitate ‘ D’ 
was tested by the urinary excretion test, at a dose level of 5 wg., and was 
found to show good intrinsic factor activity (Table IV). It also exhibited 
impressively high activity at a dose of as little as 1 mg. on both urinary 
excretion test and hepatic uptake measurements. In the urinary excretion 
test (Table IV), the net urinary gain of radioactivity was 7.6% and 10.2%, 
respectively, of the oral dose on 2 patients studied. On measurement 
of the hepatic uptake, it was also highly active, at a 1 mg. dose, on 4 
patients with pernicious anemia in remission (Table V). In 3 of these 
tests, intrinsic factor activity was much higher than that shown in the same 
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TaBLeE III 
Fractionation of Materials from Hog Pyloric Mucosa 
by Preparative Ultracentrifugation 





Yield Sedimentation B,. binding 
Fraction constant ‘**) capacity my 
mg % Soos:H20 B,./mg.,‘*** 


(a) First preparative run 


Starting material ‘ D’ 600.0 100.0 1.82(90%) ; 4.32(10%) 560 
‘a-1’ 8.7 1.4 

“bea” 23.5 3.6 5 
‘onl’ 48.9 8.2 1.00 49 
‘del * 57.9 9.7 1.80 555 
‘e-1’ 168.5 28.1 3.26(60°%) ; 4.75(40% 670 


(b) Second preparative run 


Starting material 


(229.C. 5%D, 40%E, 33°F) 8920.0 100.0 | 1.78(90%) ; 4.71 (10%) (**** 
‘a-2’ 1983.0 Vs 

‘be2? 1999.0 22.7 0.78 

‘¢-2? 1503.0 17.1 1.73 

‘d-2’ 1305.0 14.8 2.1§ 

‘e-2’ 1604.0 18.2 | 3.76(47%) ; 5.66(53%) 
Insoluble material 413.0 4.7 


* Fractionation in the preparative ultracentrifuge at 50,740 rpm for 20 hours. 
** Measured in Spinco model E ultracentrifuge at 59,780 rpm. 
*** Measured by dialysis method® using Co® By. 


**** Calculated from sedimentation constants of component parts of the mixture. 


TABLE IV 
Intrinsic Factor Activity of Precipitate ‘D’ from Hog 
Pyloric Mucosa, Measured by Urinary Excretion Test, 
and of Fractions Processed from This Material 
by Preparative Ultracentrifugation 





Patient with CoB Intrinsic factor prepa- % of oral dose Co®B,. 
pernicious ae ration tested in urine 
anemia yy 
No. HB. Material Dose mg. Without I.F. With LF. Net 
l 2.0 ‘>>’ 5.0 0.7 14.4 13.7 
9 & . 5.0 0.3 6.9 6.6 
3 0.5 ” 1.0 0.4 10.6 10.2 
4 ” , 1.0 0.6 8.2 7.6 
3 ’ b-] 0.8 0.4 2.4 2.0 
4 ” 0.8 0.6 5.3 ‘7? 
3 , e-] 0.4 0.4 $.9 4.5 
4 ” 0.4 0.6 7.8 4.2 


patients by a reference intrinsic factor concentrate labeled as equivalent 
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TABLE V 
Intrinsic Factor Activity, as Measured by Hepatic Uptake 
Test, of Precipitate D and Fractions Processed by 
Preparative Ultracentrifugation* 





: : Reference test Potency test 
Patient with i 
er Hepatic Hepatic 
pareacenany Reference Dose uptake Material Dose uptake 
remission 7 , 
N material mg. cpm/I pc tested mg. cpm/I yc 
— CoB,, CoB,» 
5 0 
” +s 62.0 645 wae 1.0 933 
6 0 
” * * 62.0 359 ‘7° 1.0 700 
7 - 0 
” ek 62.0 275 i ag 1.0 262 
8 0 
” ** 62.0 185 ‘p’ 1.0 910 
9 7 
” ** 62.0 433 ‘e-] ’ 0.6 230 
10 34 
” * * 62.0 597 ‘e-]’ 0.6 1102 
11 85 ‘e-]’ 0.4 412 
12 _ - 0 ‘a2” 2.0 71 
” ** 62.0 370 ” 4.0 65 
” “o2° 1.0 374 
” , e-2 ‘ 2.0 318 
/ mixture* ** + a 295 
13 0 ‘a-2a’ 3.0 0 
” * * 62.0 369 “as2” 2.0 33 
” ‘c-2” 0.5 43 
” ” 1.0 389 
” ‘e-2’ 1.0 221 
14 0 ‘a-2’ 3.0 0 
v a 62.0 197 © c-24’ 2.0 0 


* All tests were performed with an oral dose of 0.5 ug Co® By. 
** The intrinsic factor, activity of the reference intrinsic factor concentrate was 
equivalent to that contained in 2 USP units of oral anti-anemia preparation. 
The reference standard did not contain any appreciable amount of vitamin By». 
*** This mixture contained equal parts of each of the fractions ‘ a-2’, ‘ b-2’, ‘ c-2’, 


‘d-2’ and ‘ e-2’. 


to 2 USP units. 
The results of the isotope tests performed on fractions obtained by 
preparative ultracentrifugation are listed in Tables IV and V. 
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Both dialyzable fractions, ‘ a-24’ and ‘c-24’, failed to show any 
detectable intrinsic factor activity,on hepatic uptake assay (Table V). 

The low molecular weight fraction ‘ b-1 ’ showed moderate intrinsic 
factor activity at a dose of 0.8 mg. on urinary excretion test (Table IV) 
on 2 patients with pernicious anemia in remission. Another low molecu- 
lar weight fraction, ‘ a-2 ’, showed questionable, or weak, activity at doses 
of 1.0, 2.0 and 3.0 mg. on hepatic uptake tests on 2 patients with pernicious 
anemia in remission (Table V). 

The medium molecular weight fraction ‘ c-2’, with a sedimentation 
constant of 1.73 (molecular weight, roughly calculated: 15,000—20,000), 
was highly active on 2 patients with pernicious anemia in remission on 
hepatic uptake measurement at doses of 1.0 mg., but showed only ques- 
tionable activity at a 0.5 mg. dose (Table V). 

The high molecular weight fraction ‘ e-2’, with sedimentation con- 
stants 3.76 and 5.66 S (molecular weight 50,000—100,000), showed similarly 
high intrinsic factor activity on hepatic uptake measurement at a dose 
of 1 mg. (Table V). 

A mixture containing the 5 fractions ‘a-2’, ‘b-2’, ‘c-2’, ‘d-2’ 
and ‘ e-2 ’, at a dose of 0.5 mg. each, also showed high activity on the hepa- 
tic uptake test (Table V). 

Most active was the high molecular weight fraction ‘ e-1 ’, with sedi- 
mentation constants 3.26 and 4.75 S. It gave positive responses by the 
urinary excretion method (Table IV) on 2 patients with pernicious anemia 
in remission at a dose as low as 0.4 mg. ‘The net gain in urinary radio- 
activity was 4.5% and 7.2%, respectively, of the oral dose. Similarly, 
in one patient, at a 0.6 mg. dose, this fraction, by the hepatic uptake method 
(Table V), showed a most conspicuous activity (1102 cpm/uc Co®%B,,). 
This was almost double that obtained with the reference intrinsic factor 
concentrate of a potency of 2 USP units. In the other patient, at a similar 
0.6 mg. dose, the potency of this fraction was equivalent to that of 1 USP 
unit of intrinsic factor concentrate. This fraction was also highly active 
in a third patient at a dose of 0.4 mg. 

Hematopoietic activity of fraction ‘e-1” was assayed on 2 patients with 
pernicious anemia in relapse (Table VI). The diagnosis in both cases 
was ascertained by previous relapses, macrocytic anemia, megaloblastic 
bone marrow, histamine-fast anacidity, negative radiological data for other 
sources of anemia, and by typical signs of posterolateral degeneration of 
the cord. In both cases, the intestinal absorption of orally administered 
Co®B,, alone was nil, but the absorption defect could be corrected by the 
addition of a potent intrinsic factor preparation to the Co®B,». 

Both patients were treated orally with the fraction ‘e-1’ at a daily 
dose of 0.4—0.6 mg. together with 15 wg. of B,.. Both gained strength, 
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TAELS. Vi 


Assay of Hematopoietic Activity of Fraction ‘e-1’ on 2 
Patients with Pernicious Anemia in Relapse 





RBC’s in 
millions 
per cu. mm. 


Reticulocytes 


o/ 
oO 


Hemoglobin Hematocrit 
‘ ; Gm % o/ 
— Sex & age Daily treatment se 7 


max. day before after before after before after 


1. ALL, f£, 63 15 yg B,.+0.4-0.6 


mg IF. fraction 35 gh 1.90 2.70 6.1 9.5 22 38 
e-1” by mouth 
for 21 days 
2. M.F., f.,50 15 #g by mouth ‘ P 
for 13 days 1.2 7th 2.80* 1.35 6.4 4.7 20 15 


15 wg By. +0.4-0.6 
mg I.F. fraction 
‘e-1’ by mouth 
for 21 days 


30 wg By. i.m. 3 
for 16 days 


6.0 Sh | 2.00* 3.30; 5.9° 10.1 | 20° 33 


4h |3.30 3:01 i G.I | SS 40 


 ~s 


* 3 days following 2 blood transfusions 500 ml. each. 


recovered appetite and showed optimal clinical response. The neuro- 
logical lesions gradually improved markedly, the disturbance of vibratory 
and position sense showed improvement, and both patients were able to 
rise from bed and walk about. Both showed suboptimal hematopoietic 
response to this treatment, as shown in Table VI, while one of them did 
not show any response to the same oral dose of B,, given alone, without 
fraction ‘ e-] ’. 

The hematopoietic response to fraction ‘ e-1’ in both cases is to be 
classified as suboptimal. In spite of the highly satisfactory rise in red 
cells, hemoglobin and hematocrit, the reticulocyte peak was low. An 
additional reticulocyte peak was obtained in both patients when the daily 
dose of intrinsic factor was raised from 0.4 to 0.6 mg., and an additional, 
but low, reticulocyte response was seen on change of B,, treatment from 
oral to parenteral in one of the patients (M. Y.). 

From our experiehce with oral treatment of pernicious anemia!®!), 
we can assume that a dose of fraction ‘ e-1 ’ 50 per cent higher than that 
used in these cases, i.e. about 0.75 mg. daily, would give an optimal hema- 
topoietic response, as gauged by all hematological standards. 

Paper-electrophoretic analysis: The paper-electrophoretic patterns of 
precipitate ‘D’ and fractions ‘ a-2’, ‘ c-2” and ‘ e-2’ are shown in Figs. 
1 & 2. All these materials were obviously heterogeneous and showed 
5-6 components. The fraction ‘e-1’ (not listed in these figures) was 
similarly heterogeneous on paper-electrophoresis. 


_— = 


TT lr (UNG 
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ELECTROPHORETIC PATTERNS OF INTRINSIC FACTOR PREPARATIONS 
FROM HOG GASTRIC MUCOSA 


(aio @LACK 108 STAIN) 


f (ie) 
®GINAL CONCENTRATE —— ee 
+ -_ 
a 

LOW MOLECULAR WEIGHT ” wise Sid 
FRACTION °Q1" = 

MEDIUM MOLECULAR WEIGHT a 
FRACTION °C? 








HIGH MOLECULAR WEIGHT wo) she 
FRACTION *€* mer 
ea 2 
a ors. caTwoge 
Fig. 1. Paper-clectrophoretic patterns of intrinsic factor preparations 
from hog pyloric mucosa. Amido Black 10 B stain. Fraction ‘a’—‘ a-2° 
fraction *c’=‘ c-2’, fraction ‘e’=‘ e-2’ 


The low molecular weight fraction * a-2* contained, mainly, materials 
which moved to the anode and consisted of 4 components. ‘These made 
up about 75°, of the total optical density of the stained protein. A fifth 
protein-staining component remained at the point of application, and 2 
additional small protein-stainig components were noticeable at the cathodic 
side of the tracing. Only traces of carbohydrate material could be de- 
tected by PAS stain. 

The medium molecular weight fraction ‘ c-2° also contained 4 anodic 
components which formed about two-thirds of the total optical density. 
Some material again remained at the application point (AP), and the other 
material, which formed about one-fourth of the total optical density, 
moved to the cathode and resolved into two components, #5 and -6. 

The high molecular weight fraction (* e-2°) contained no fast anodic 
component (#1) and relatively little of the anodic components (#2--4). 
About 15%, of the material remained at the application point and about 
60°, travelled to the cathode and spread over 2 peaks. Of these, one 
close to the AP, #5, made up almost half of the total optical density of the 
tracing, while the other, #6, was rather insignificant. ‘The content of 
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carbohydrate-staining material was very large in this fraction, as shown 
by the PAS stain. 

Precipitate * D° was also very heterogeneous, and had a composition 
intermediate among the above 3 fractions. Its carbohydrate content, as 
shown by PAS stain, was high. 

Carbohydrate composition: Data on the carbohydrate composition of 
fractions * a-2°, * c-2° and ‘ e-2° and precipitate ‘ D” are listed in Table 
VII. 

TasLe VII 
Content of Carbohydrates in Precipitate ‘D’” from Hog 


Pyloric Mucosa and of Fractions Processed by 


Preparative Ultracentrifugation 





(1) (2) (3) (4) (1-4) 
Non-hexosa- ‘Total carbo- 


Material . Hexosamine Fucose Sialic acid 
mine hexoses hydrates 
w/w®o w/w, w/w2o . 
w/w%o w/w%o 
Precipitate * D’ + .47 2.55 0.59 0.68 8.29 
Low molecular weight ; = . a = 
8 3.20 1.87 0.45 1.23 6.75 


fraction * a-2’ 
Medium molecular 

weight +. 40 1.87 0.36 0.94 ii 
fraction *c-2’ 
High molecular weight 8.88 
fraction * e-2 


7.99 2.9% 0.94 20.17 


The low and medium molecular weight fractions, ‘ a-2” and c-2° 
had a low content of non-hexosamine hexoses, hexosamine and fucose. 
This is in agreement with the low content of materials which stained with 
PAS stain on paper-electrophoresis of these fractions (Fig. 2). In con- 
trast, the high molecular weight fraction, * e-2°, contained very large 
amounts of all the carbohydrate components,—-about three times that of 
the low and medium molecular weight fractions, with the content of hexo- 
samine and fucose particularly high. 

Precipitate *D* showed a carbohydrate spectrum similar to that of 
medium molecular weight fraction ‘ c-2°, which accords with the fact 
that 90 per cent of material * D”* had a sedimentation constant similar to 
that of fraction ‘ c-2° 

The differences in content of sialic acid were insignificant between 
the various fractions. 

Peptic activity of the precipitate *D° was very low (2.9 P.U.in, + 104 
per mg.), and that of the other fractions was nil. This could have been 
due to inactivation of the pepsin by pH 9.0, to which these materials were 


exposed during processing. 
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ELECTROPHORETIC PATTERNS OF INTRINSIC FACTOR PREPARATIONS FROM HOG GASTRIC MUCOSA. 
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Fig. 2. Paper-electrophoretic patterns of intrinsic factor preparations 
from hog pyloric mucosa. (SF light green and PAS stains. Fraction ‘a’ 


*‘a-2’, fraction ‘c ’=‘ c-2’, fraction ‘ e ’=‘ e-2 


B,.-binding capacities of precipitates ‘A’ through ‘ G’, and of fractions 
‘a-1° through * e-1 ’, are listed in Tables II and III. 

The B,,-binding capacity of precipitates obtained by ammonium 
sulfate fractionation showed a gradual increase parallel to the increase 
of the ammonium sulfate concentration used in the fractionation. As 
shown in Fig. 3, it was low in those materials which precipitated at a low 
ammonium sulfate concentration, and highest in those which precipitated 
at the highest concentration, the range of B,,-binding capacity being from 
168 to 1015 mug. mg. 

A definite correlation was also observed between the B,.-binding 
capacity and the sedimentation constants of fractions processed by pre- 
parative ultracentrifugation (Fig. 4). In fractions ‘ a-1 ° through *‘ e-1°, 
which were processed from the same starting material, the B,.-binding 
capacity increased with the increase of the sedimentation constants, with 


a range of from 49 to 670 mug./mg. 
DiscusstOn 


A simple, multi-step ammonium sulfate precipitation process has 
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Bp-BINDING CAPACITY OF MATERIALS PRECIPITATED BY AMMON.UM SULFATE FRACTICNATION 
FROM THE HOG PYLORIC MUCOSA 
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Fig. 3. B,o-binding capacity of materials precipitated by amonium 
a 12 S I 


sulfate fractionation from hog pyloric mucosa. 


produced an intrinsic factor concentrate, precipitate ‘ D°, which showed 
potent activity on isotope tests at a dose level of 1.0 mg. ‘The potency of 
this easily-obtained preparation may be attributed: a) to the use of hog 
pyloric mucosa rather than of the whole stomach as the starting material, 
b) toa careful desiccation and defatting operation in which the temperature 
was maintained at 0 C., and ¢) to multi-step ammonium sulfate fraction- 
ation. 

On preparative ultracentrifugation of some of the ammonium sulfate 
precipitates, intrinsic factor activity was shared by several fractions. One 
medium and two high molecular weight fractions, which were found to 
be very potent in intrinsic factor activity at a dose level of 0.4—1.0 mg., 
contained, on clectrophoresis, as many as 5-6 components. ‘The intrinsic 
factor activity of these relatively easily obtained fractions compared well 
with the potency of the most potent materials reported by other workers'*) ?® 
and processed from hog stomach by a combination of various methods, 
such as by enzymatic degradation, electrophoresis, ultracentrifugation, 
ultrafiltration and ion exchange column. 

All of our materials which exhibited potent intrinsic factor activity 
had a definite B,,-binding capacity. In contrast, the low molecular 
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By- BINDING CAPACITIES AND SEDIMENTATION CONSTANTS OF FRACTIONS PROCCSSED 
BY PREPARATIVE ULTRACENTRIFUGATION! FROM A MATERIAL PRECIPITATED 
FROM HOG PYLORIC MUCOSA BY 47% SATURATION WITH AMMONIUM SULFATE . 
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SEDIMENTATION CONSTANT IN SVEDBERG UNITS 
Fig. 4. B,.-binding capacities and sedimentation constants of fractions 
pocessed by preparative ultracentrifugation from a materials precipitated from 


hog pyloric mucosa by 47°, saturation with ammonium sulfate. 


weight fractions, dialyzable and non-dialyzable, which had no, or question- 
able, intrinsic factor activity, had a low B,,-binding capacity. The only 
exception was the low molecular weight fraction ‘ b-1 ’, which showed 
intrinsic factor activity but had insignificant B,,-binding capacity. This 
isolated finding requires confirmation, however, on other materials of 
similar molecular weight. The conclusion still holds that no potent in- 
trinsic factor material has been isolated as yet which is not endowed with 
B, .-binding ability. 

Marked differences were observed in this study between the sedimen- 
tation constants of the fractions which were most active at the 0.4—1.0 mg. 
level. While the very active, medium molecular weight fraction ‘c-1” had 
a sedimentation constant of 1.00S., the potent high molecular weight 
fraction, ‘ e-1 ’ had sedimentation constants of 3.26 and 4.75 S. 

The paper-electrophoretic patterns of all our intrinsic factor prepara- 
tions were very heterogeneous, in spite of their potency. Materials show- 
ing similar intrinsic factor activity differed markedly in their electrophoretic 
patterns. 

We attempted to correlate the intrinsic factor activity of these frac- 
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tions with their paper-electrophoretic patterns and carbohydrate composi- 
tion. Some conclusions could be reached. 

The major anodic components (fast-moving and intermediate) are, 
apparently, not endowed with intrinsic factor activity. “They were present 
in the highest concentration in the low molecular weight fraction ‘ a-2 ’, 
which had only weak, or questionable activity. ‘The carbohydrate moiety 
present in the area of the slow anodic component does not seem to be 
related to intrinsic factor activity either, because its content was very 
insignificant in the potent, medium molecular weight fraction ‘c-2’. 
The slow anodic component and the material which remains at the AP 
again bear no apparent relation to intrinsic factor activity, because they 
were present in similar concentrations in both the inactive and in the 
active fractions ‘ a-2’ and ‘ e-2’. 

The two cathodic components would appear to carry the main 
intrinsic factor activity of hog mucosa extracts. They were present in 
high concentration in the potent precipitate ‘ D’ and in the active medium 
and high molecular weight fractions ‘ c-2’ and ‘ e-2’. They were absent, 
or present only in a low concentration, in the non-active low molecular 
weight fraction ‘a-2’. It does not follow, however, that they represent 
intrinsic factor itself, since no correlation was observed between intrinsic 
factor activity and the concentration of these components in active materials. 
Moreover, the B,, binder in these fractions was located in the area of 
anodic component #3, and not in the cathodic area??), 

Our data, therefore, do not warrant the assigning of intrinsic factor 
activity to any single major electrophoretic component of the various 
materials processed from hog mucosa. 

Two alternative inferences can be drawn from these findings: 

1. If‘ intrinsic factor ’ is a separate component of the intrinsic factor 
concentrates from hog mucosa, then its concentration in these materials 
is below the resolution power of paper-electrophoresis. Since this is, 
conservatively estimated, about 5 per cent, the content of ‘ intrinsic factor ’ 
in our fractions ‘ c-1 ’, ‘ e-1’ or ‘ e-2’, which were potent at doses of 0.4- 
1.0 mg., would have to be, at the most, in the range of 20-50 wg. This 
calculation would indicate that one cannot speak of a “ pure” intrinsic 
factor as long as its activity is not manifest at this range of weight. This 
is obviously much below that shown by any of the purified intrinsic factor 
preparations available at present'®)-?®), 

We have drawn similar conclusions from the comparison of paper- 
electrophoretic patterns of gastric juices of a group of patients with pernici- 
ous anemia with those of subjects with simple histamine-fast anacidity*®). 
The patterns, run in various buffers, were indistinguishable in both in- 
stances, although one group did not contain intrinsic factor in the gastric 
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juice and the other one did. This again suggested that if intrinsic factor 


is a separate component of gastric juice, it is not resolved by paper-electro- 
phoresis, and its concentration must therefore be below 5% of the dry 
weight of the non-dialyzable material of the gastric juice. 

Thus the intrinsic factor would represent only a non-resolving con- 
taminant present at a very low concentration and absorbed or bound to 
one or more of the electrophoretic components of gastric juice or the 
intrinsic factor concentrates from hog mucosa. 

2. An alternate possibility is that the ‘ intrinsic factor ’ is not a sepa- 
rate substance, but is, rather, only a reactive or prosthetic group, as was 
contended in our earlier work®®), This group would be endowed with 
the ability to promote the intestinal absorption of vitamin B,., and also, 
possibly, the deposition of B,, in the tissues, as suggested by some recent 
work?29) 31). 

Such a group could be contained in only one of the mucoprotein 
components of the gastric juice or hog mucosa extracts, and in its pro- 
ducts of degradation. It could be contained, also, at different concen- 
trations in two or more mucoproteins of the gastric juice or hog mucosa 
extracts. In both cases it would explain the presence of intrinsic factor 
activity in several of the fractions obtained by ultracentrifugation, electro- 
phoresis or column fractionation. It would explain differences in the 
B,.-binding, molecular weight and electrophoretic mobilities of various 
intrinsic factor preparations. It would also reconcile various conflicting 
characteristics of intrinsic factor reported in recent publications of various 
investigators, as well as in this study. Since the activity of various en- 
zymatic systems is often dependent only on the existence of one prosthetic 
or reactive group, the concept of intrinsic factor as a group, and not a 
substance, is not too far-fetched. 


SUMMARY AND CONCLUSIONS 


Potent intrinsic factor materials were obtained by a multi-step am- 
monium sulfate fractionation of the defatted and desiccated hog pyloric 
mucosa, followed by preparative ultracentrifugation. These materials 
showed potent intrinsic factor activity, on isotope and hematological assay, 
at a dose level of 0.4—1.0 mg. 

All active fractions had a definite B,,-binding capacity, but differed 
widely in content of carbohydrates and in their molecular weights (sedimen- 
tation constants from 1.73 to 5.768). They were also heterogeneous on 
ultracentrifugation and paper-electrophoresis, resolving on paper into 5-6 
components. 

Intrinsic factor activity could not be assigned to any one of the major 
components of the paper-electrophoretic pattern. This indicates that the 








16 George B. Jerzy Glass, et al. 


intrinsic factor is contained in these potent materials at a concentration 
below the resolution power of paper-electrophoresis which is about 5%. 
Since these highly potent materials were active at a dose of 0.4-1.0 mg., 
the ‘ pure intrinsic factor’ should manifest its activity at a dose of about 
20-50 wg., i.e. much below the range of activity of materials available at 
present. 

The alternate inference is that intrinsic factor represents, not a sub- 
stance, but only a reactive or prosthetic group contained in one or more 
gastric mucoproteins and their products of degradation. 

In both instances, the conflicting characteristics of potent intrinsic 
factor preparations, noted in the work of various investigators, would be 
reconciled by the realization that all of these preparations contain ‘ pure 
intrinsic factor’ only at a relatively low concentration. 
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Until recently it was believed that atherosclerotic lesions of the aorta 
induced by hypercholesterolemia always faithfully reflected changes in 
other arteries. Thus intensive experimental analysis of factors reducing 
hypercholesterolemia and protecting the aorta against atherosclerosis were 
undertaken in the belief that such factors would also protect the coronary 
and other arteries against atherosclerotic lesions. 

However, it is now known!) that after administration of estrogen 
coronary arteries differ in their behavior from that of aorta. While con- 
siderable attention has been directed to atherosclerotic lesions of coronary 
arteries in experimental animals, cerebral arteries have received little at- 
tention, in spite of the frequent incidence of cerebral vascular disease in 
man. 

In the present study on chicks I have examined the effect of cho- 
lesterol feeding and hypercholesterolemia on the tendency to lipids infil- 
tration and atherosclerotic changes in arteries of the brain, heart, kidney, 
lung, liver and spleen as well as of aorta. The effect of estrogen adminis- 
tration on these vessels was also studied. 


METHODS 


Newly hatched chicks of the DeKalb strain were given a normal 
mash diet for 12 weeks and then separated into three groups ; Group | 
received mash diet to which 5%, cotten seed oil was added, Grpup 2 re- 
ceived same diet supplemented with 2°% crystalline cholesterol, and Group 
3 received the diet of Group 2, plus the daily intramuscular injection of 
1 mg. estradiol. 

Measurements were made at intervals of feed intake, weight, comb 
size, and of the cholesterol and lipid phosphorous content of the plasma. 
The determination of plasma cholesterol was done according to Sperry- 
Schoenheimer’s®) method. Lipid phosphorous of the plasma was mea- 
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sured according to Man-Peters’s*) method. 

At autopsy the aorta and the coronary arteries were examined grossly 
and graded as unknowns by at least two experienced observers according 
to previously described method.*) Microscopic study of coronary arteries, 
arteries in the brain, kidney, lung, liver and spleen was carried out on 
each of these tissues stained by hematoxylin-Sudan IV. 

The microscopic grading system as follow. 

0: No lesions 

1: Occasional slight lipid infiltration in intima 

2: Moderate diffuse lipid infiltration in intima and media 

3: Severe diffuse lipid infiltration in intima and media with intimal cell 
proliferations and occasional plaque 

4: Frequent plaques and intimal thickening with severe diffuse lipid 
infiltration in intima and media 

A summary and average value was employed to demonstrate the grade 

of atherosclerotic lesions in each group. 


RESULTS 


Group 1: Regular mash diet plus 5%, cottenseed oil 

At 12 weeks of age, this group of 10 chicks was continued on the same 
mash diet they had received previously except that 5% cottenseed oil 
was added. These animals had weekly feed intakes of approximately 
450 gm. per kg body weight. At sacrifice at 20 weeks (8 weeks on ex- 
perimental diet) comb size averaged 108 sq. cm, determined as the product 
of the sagittal length multiplied by maximal height. The plasma cho- 
lesterol level averaged 160 mg. %, and the lipid phosphorous 8.3 mg. %, 
making cholesterol / lipid phosphorous ratio of 19. 

None of the 10 animals had atheromatous lesions in the aorta; six 
had very slight fibrotic lesions of the abdominal aorta without lipid infil- 
tration. 

Microscopic study cf the thoracic aorta, intracerebral, coronary, 
intrarenal, intrapulmonary, intrahepatic and intrasplenic arteries showed 
no arterial lipid infiltration or atheromatous changes. 

Group 2: Cholesterol feeding 

This group of 10 animals was given the diet of preceding group except 
that 2%, commercial crystalline cholesterol was mixed homogeneously in 
the oil containing mash. 

Food intakes (342 gm. per kg. of body weight), comb indices (100 sq. 
cm.) and body weight at sacrifice were essentially similar to those of 
animals on the diet without cholesterol (Group 1). 

At sacrifice the plasma cholesterol level of this group averaged 1415 
mg. %; the lipid phosphorous averaged 14 mg. % and cholesterol / lipid 
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phosphorous ratio averaged 110. 

Gross examination at autopsy revealed significant fat deposition in 
the abdominal viscera. The thoracic aorta showed moderate athero- 
sclerotic lesions in all animals with an average grade of 2.1. Seven of 
10 animals had minimal lipid infiltration of the abdominal aorta graded 
1.2. Nine of the 10 animals showed involvement of coronary arteries on 
gross examination. 

On microscopic examination all aorta showed lipid infiltration and 
atherosclerosis of moderate degree (average grade 2.7). The intima of 
coronary arteries showed severe lipid infiltration and frequent atheroma 
with average grade of 2.5. Nine of 10 animals showed moderate diffuse 
lipid infiltration in the intracerebral arteries with average grade of 1.8. 
No animals showed lipid infiltration in the intrapulmonary arteries. How- 
ever, lipid deposition in the adventitia of the intrapulmonary arteries was 
seen in all animals. All animals showed slight lipid infiltration in intima 
of intrarenal arteries, being graded on the average as 1.0. Lipid infil- 
tration of the intrahepatic arteries was usually slight, graded as 1.5. The 
intrasplenic arteries showed moderate diffuse lipid infiltration with average 
grade of 2.0. 

Group 3: Cholesterol feeding plus estrogen administration 

This group of 10 chicks had feed intakes approximately equall to that 
of the other two groups. At sacrifice, these animals averaged 2.4 kilo- 
grams. ‘They demonstrated diminished comb indices, averaging 48 sq. 
cm., less than half that of previous two groups. 

At sacrifice, the plasma cholesterol averaged 2430 mg. %, lipid phos- 
phorous averaged 76mg. %, and cholesterol / lipid phosphorous ratio 
averaged 32. ; 


TABLE I 
Feed-intake, Bodyweight, Comb Indices and Blood Chemistry 





Control 2Co 2CoE 

Number of animals 10 10 10 

Feed intake/kg. gm. 451 342 262 

Body weight gm. 1982 +-281 1942+ 263 2404-+-200 
Comb indices sq. cm. 108+ 16 100+20 48+ 20 
Plasma total cholesterol mg °% 160+ 34 1415+494 2430 +594 
Plasma free cholesterol mg °% 34+7 414+199 873+261 
F/T ratio 0,22+0.01 0.28+0.06 0.36+0.06 
Lipid phosphorous mg °%, 8+0.9 14.1+4.1 76.3+28.2 
Cholesterol / lipid 1945 1104.36 32-48 
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TABLE II 
The Grade of Atherosclerotic Lesions 

Control 2CO 2COE 
Number of chicks 10 10 10 
Aorta 0 ra 3.4 
Coronary 0 25 0.5 
Intracerebral 0 1.8 0.5 
Intrarenal 0 1.0 0.3 
Intrahepatic 0 1S 0.8 
Intrasplenic 0 2.0 19 
Intrapulmonary 0 0 0 


At autopsy these animals showed a greater degree of gross fat de- 
position in the viscera and enhanced yellowness of fat. Gross examination 
of the aorta showed atheromatosis rated as moderate, averaging grade 2.1. 
The coronary arteries were grossly free of lipid infiltration and atheromat- 
ous lesions. 

Microscopic examination of the aorta showed severe lipid infiltration 
in intima and media and atheromatous plaque formation with an average 
grade of 3.4. Microscopic examination revealed no lipid infiltration in 
the coronary arteries of 5 animals, while 5 animals showed slight lipid 
infiltration. Slight lipid infiltration of the intracerebral arteries was seen 
in 5 of 10 animals. The lipid infiltration in intima of intrarenal arteries 
was extremely uncommon, being graded as 0.5. The intrapulmonary 
arteries showed no lipid infiltration in all animals. The atherosclerotic 
lesions of the intrahepatic and intrasplenic arteries was graded as 0.8 and 
1.9, respectively. 


DIscUSSION 


The results of Group | provided a base line showing that chicks fed 
a mash diet with a small oil supplement have normal cholesterol and lipid 
phosphorous level, and the cholesterol / lipid phosphorous ratio in normal 
range, with no lesions in aorta, coronary, intracerebral, intrapulmonary, 
intrahepatic and intrasplenic arteries. The fibrous lesions found in the 
abdominal aorta of some of the animals are generally recognized as normal 
variants depending on the age at sacrifice. 

The present results demonstrate that the feeding of cholesterol pro- 
duces atherosclerotic lesions not only in the aorta and coronary arteries 
but also in the intracerebral, intrarenal, intrahepatic and intrasplenic 
arteries as well. Katz and Stamler®) reported that the atherosclerotic 
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lesions in the pulmonary artery were produced by feeding of cholesterol. 
We also found atherosclerotic lesions in the stem of pulmonary artery ; 
however, lesions in the intrapulmonary arteries were extremely uncommon 
and their atherosclerotic grade was very slight. 

The low incidence of atherosclerotic lesions and very slight lipid 
infiltration in intrapulmonary arteries would be associated with low blood 
pressure. While the pressure in the main pulmonary artery is above 25/ 
10 mm. Hg, the pressure in the smaller arteries is much lower, probably 
of the order of 12 to 15 mm.Hg. Thus it may be that damping of the 
sytolic pressure may be sufficient to reduce the degree of lipid infiltration 
in the smaller arteries. This would support Anitschkow’s® concept that 
an increased blood pressure plays a role in disposing the arteries to become 
the seat of atherosclerosis. 

Hypercholesterolemia induced by cholesterol feeding in chicks is 
fairly closely related with the degree of aortic lipid infiltration and atheroma- 
tosis. When estrogens were given to produce the characteristic high blood 
cholesterol and lipid phosphorous values in chicks, the aortic atherosclerotic 
lesions became accentuated and also showed an increased deposition of 
carotenoid pigments. It is remarkable that the atherosclerotic lesions of 
aorta are more severe than those of other arteries. The aorta plays the 
important role as the surge tank of the arterial tree, expanding as it takes 
up the stroke output of each systole, and constricting during the diastolic 
run-off. It is possible that the recurrent stretching of the vessel may 
facilitate the rapid entry of lipids into the intima and media, under the 
driving force of the arterial pressure. Further the pressures in the aorta 
are usually higher than in other parts of the arterial tree, and this would 
enhance the tendency for the lipid infiltration into the vessel wall. Many 
of the arterial segments in organs have extraarterial support. This sup- 
port may contribute to reduce the effective filtration pressure and thereby 
may provide a relative protection against lipid infiltration. 

The vessels examined in the course of present study may be divided 
into three groups on the basis of the effect of estrogen administration ; 
1) those in which atherosclerotic lesions were enhanced ; 2) the arteries 
which were unaffected; 3) those in which the lipid infiltration was 
markedly reduced. 

The atherosclerotic lesions of the aorta became accentuated by es- 
trogen administration. This enhancement may be due to the higher 
hypercholesterolemia in estrogen group than in cholesterol-fed chicks. 

The atherosclerotic changes in intrahepatic and intrasplenic arteries 
were unaffected by the estrogen administration. 

The arteries of brain, heart and kidney were protected selectively 
against lipid infiltration by estrogen administration, in spite of the higher 
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hypercholesterolemia. ‘This finding confirms Katz and Stamler’s report 
that the coronary atherosclerosis is prevented by estrogen administration. 
These results may indicate that the intracerebral arteries and intrarenal 
arteries have similar behavior in the process of atherosclerosis with the 
coronary arteries and these three arteries differ in their behavior from that 
of aorta. 

The mechanism of protection is not known. However, among the 
possibilities to be considered are 

1) that these vessels are altered by the estrogen administration so 
that the lipid either cannot enter the vessel wall, or may be eliminated 
more rapidly from it, 

2) that some changes are present in the cholesterol transport me- 
chanism in blood, 
or 

3) that the blood pressure filtration effect is reduced. 

It is known that the transport mechanism for lipids,7)®92%) and 
particularly cholesterol are affected by estrogen administration. ‘Thus, in 
man the total cholesterol and beta-lipoprotein'®) are reduced by estrogen 
administration. In present study on chicks the plasma lipid phosphorous 
increased to a much greater extent than the plasma cholesterol, with a 
lowering of the ratio of these two materials in the blood. The properties 
of the modified lipoprotein probably reduce their permeability in the 
arteries of the brain, heart and kidney. It is also possible that the ability 
of these vessels to eliminate lipid materials which have passed into the 
vessel walls is enhanced. 

Evidence has accumulated to show that estrogen administration to 
cockerels produces a small but significant lowering of the blood pressure. 
This lowering of blood pressure by administration of estrogen may reduce 
the filtration pressure. However, a lowering of blood pressure should have 
an effect on all the arteries rather than only few selected arteries. Since 
the lesions in the aorta are more evident in estrogenized chicks, and since 
the lesions in the spleen and liver are unaffected, it would appear that this 
lowering of blood pressure by estrogen administration has no effect. Other 
factors must therefore be sought for the mechanism of estrogen protection 
of coronary, intracerebral and intrarenal atherosclerosis. 

A common feature of the arteries of the heart, brain and kidney is 
a significant extraarterial support pressure. Thus, the intracerebral 
arteries are supported by the cerebrospinal fluid pressure of perhaps 10 mm. 
Hg. In the smaller arteries of the brain this transmural reduction in 
pressure may also reduce the rate of filtration of materials through these 
vessels. If the blood pressure were also reduced, it might account for the 
protective action of estrogen on these important channels. 
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The main coronary arteries of chicks!) course through the ventricu- 

lar muscle. In this site they receive the support of intraventricular 

pressure and pressure from muscle contraction. This support pressure 

may reduce the filtration pressure markedly and protect coronary arteries 
against atherosclerotic lesions. 


CONCLUSION 


1. The aorta reflects the atherosclerotic conditions in most of the 
arterial system of the body, when cholesterol feeding induces hypercholes- 
terolemia and atherosclerosis. 

2. The intrapulmonary arteries are exempted, possibly because of 
the low pulmonary arterial pressure. 

3. Estrogen separates the arteries of the body into three groups, 
when it is administered to cholesterol-fed chicks. 

i. The aorta becomes more severely involved, 

ii. The intrahepatic and intraspleenic arteries remain relatively 
unaffected by estrogen administration, 

ii. The intracerebral, coronary and intrarenal arteries are pro- 
tected against atherosclerotic Jesions. 
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There are many graphical methods in statistics.1*)3) However, we 
have frequently experienced inconvenience of the above methods when 
applied in the public health statistics, so we previously worked out a new 
method.*®») ‘The aim of this paper is to offer our improved method for 
the chi-square test, which we call ‘the method of chi-square paper.” 
With sufficient rapidity and accuracy we can solve the problems of 2 x 2, 
2n and m Xn classification and their referencies by the chi-square paper. 

We shall state the followings as the distinctive feature of our graphical 
method: It is not only applicable to a small sample but more effectively 
to such sample having the large size and very small rate as appears in the 
public health statistics, especially in the vital statistics. 

We shall use the term “ proportion” instead of ratio or rate. For 
example, let n be the size of a smaple. If n’ among n individuals have 
the specific character, then’ n’/n=p is called the sample proportion with 
respect to that character. Similarly ‘‘ population proportion ”’ will be 
used. 

1. Construction and fundamental property of chi-square paper 

We shall define “‘ the chi-square paper” in the following indirect 
manner: the chi-square paper is constructed in such a way that, when 
Cartesian coordinate of a point is (p, 1/% N), the coordinate of that point 
on this paper is (p, N). 

Let us consider a sample S of size N and proportion p, and we let 
correspond that sample to the point S=(p, N) on this paper. Accordingly 
the infinite population P with the proportion p’ is represented by the point 
P=(p’, o) on the paper. 

For the convenience of practical use we prepare the paper in which 
the ordinate of the lowest horizontal line (which we call “ the base line ’’) 
is 1 as will be shown in Fig. 1. The scales prepared in such a way are 


9 


called ‘‘ the fundamental scales 
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The following two properties are fundamental for the chi-square 


paper : 
(Property 1) The function of N, 


pxcv p(l- -p) N ’ 
where 0<p<l and c>0, describes two straight lines passing through the 


point (p, co). 
(Property 2) For any positive integer M we can replace fundamental 


scale 1, 2, 3, .. . by M, 2M, 3M, . . . respectively. 
f 
+ 4 
{10 
4 $25 
+ 5.00 
Pi , , . Kecaigiien lise? 
Fig. 1. Chi-square Paper. 
(p,~) eee 
L(p;-)) L(p;1) 
1 1 
7N 5 
5 1.0 
; 4 V(S) or V(p) a 
(3 | ; S=(p,N) 00 


| 

| 
H(S) or H(N) | 

| 

| 

} 


| 
Fig. 2. Construction of Chi-square Paper. 


For any sample point S=(p, N) in chi-square paper we shall use the 
symbol H(S) or H(N) which represents the line horizontal and passing 
through the point S. ‘ Similarly we write by V(S) or V(p) the line which 
is vertical and passing through the point S. The line H(3.841) has the 
special usage, so that this line is drawn in this paper. 

By L(p, c) we shall represent the line p+cVp(1—p)/N. If the value 
of Vp(1—p)/N for special N’ and p’ is confirmed, we can read, according 
to the Property 1, same value for p’ and any N on this paper. The values 
of Vp(1—p)/N for definite N and p are given in chapter 2. 

The proof of the Property | is easy and we shall omit it here. The 
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proof of the Property 2 runs as follows: for any numbers |, m,n, ... and 
integers N and N’, we get the relation, 
1/VIN :1/VmN :1/VWnN:... 
=1/VIN’:1/VmN’: 1/7 nN’: ..., 


which is equivalent to our conclusion. 

The Property 2 enables us to use this paper for any sample of large 

size. When fundamental scale 1, 2, 3, is replaced by N, 2N, 3N, 
., we Call this procedure “ taking N as base ” 

In chi-square paper, the auxiliary-scale on the right hand vertical 
line indicates the 100 x 2a %, point in the chi-square distribution of the 
degree of freedom (d.f.) 1. For example, 3.841-point on the fundamental 
scale corresponds to 2.5°, on the auxiliary-scale. 

2. Values of Vp(1—p)/N 

The values of the function p(1—p)/N are indispensable for the chi- 
square paper. Values of independent variable p are scaled on the under- 
side of each line, and values of function ~/p(1—p)/N on the upper-side. 
These lines will be called briefly “‘nomographs”. For each line two 
integers are given, the upper one on the monograph (for instance p x 100 
by nomograph I) means the multiplying factor to the true values, the 

















0 1.0 2.0 3.0 4.0 5.0 
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7 5 6 7 8 q 10 
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) 2 3 4 5 6 7 8 q 10 
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01 .02 .03 .04 05 
50 40 30 25 20 15 10 
(100 qo. 80 70 60 50) 


Nomograph. 











30 M. Kamoi and Y. Noye 


other is the adequately selected value of N as the base. For example, 
in the nomograph I, p=10 corresponds to the value 3.0 of the function. 
This mean that when p=10%, then value of the function Vp(1—p)/N 
is equal to 3%. The sizes of the nomographs III and IV will be suitable 
in public health statistics especially in vital statistics. In these cases the 
values of the function are calculated putting 1—p=1, that is to say, they 
show the value the function Vp/N. This procedure is not only sufficient 
for practical use, but also useful to the other purposes as will be shown 
in chapter 6. 

Nomograph V is used for Yates’ correction: for any value of N we 
can get the value of 1/2N on the upper side. 

3. Test of difference between population proportion and sample proportion 

From the property 1 we can deduce the 

(Property 1’) The lines L(p;-c) represent a locus of the sample 
points at which the chi-square with respect to the points (p, co) is equal 
to c?. 

(Proof) Consider a sample S=(p’, N) and the population P=(p, oo), 
then we have, putting q=1—p, 


x?= (Np—Np’)?/(1/Np+1/Nq) =(p’—p)?/(pq/N), (1) 
using logical symbol “=” as equivalent relation, 
x°=c? = (p’—p)?/(pq/N) =c? = p’=ptcv/pq/N. 


Let us now consider the graphical method to read the values of chi- 
square. Take adequate base N’ for the problem. Draw the vertical line 
V(p) and denote it by AB on this paper as shown in Fig. 3. The lines 
L(p:+1) are drawn by the aid of nomograph. 


_A=(p,~) 


HG _ 


s’ P 6 S=(p,N) | s00 





N ———— 
D B c R 


Fig. 3. Method of Reading Chi-squares (1). 
Let the lines L(p ; +1) intersect with the lines H(1), H(10) and H(100) 


in the points C,D ;E,F ;G,H, where the scales 1, 10, and 100 are read by 
the fundamental scale. Let us consider only the case where the sample 
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point S=(p’, N) is located on the right side of AB. Denote by R and K 
the intersections of line AS with H(1) and V(C). Let the ordinate of K 
be k read by the fundamental scale, then k is the required value of chi- 
square. 

We shall give the proof of this fact. Denote by K’ and S’ the inter- 
sections of the line AB with H(K) and H(S) respectively. Let P be the 
intersection of lines L(p; 1) and H(S). Then we get, 


(p’—p)?_ SS? RB? RB? AB? 


pq/N PS’? CB? KK’? AK’?’ 


9 


zx 
By the construction of the chi-square paper and fundamental scales, 
we have 
AB=1, AK’=1/vVk, 
and then 
x2 = AB?/AK’2=k. 


For some position of a sample point S it may occur that the point 


K lies under the base line. On such a case the ordinate of the intersec- 
ih el A 
5004 N Ras Sees ae a 
go HIG 23 
10! F/ | \e 
j 
s} 
ad he 
3] 
| S 
| M 
en: a a oe 


Fig. 4. Method of Reading Chi-squares (2). 


tion of lines AS and V(E) (or V(G)) gives the value which is 10 times (or 
100 times) the required value. But there is also another method. Let 
M be the intersection of lines AC and V(R) as shown in Fig. 4. If the 
ordinate of M is k’, we can prove easily the relation kk’=1. From this 
we can get the required value k._ For the purpose of significance test only, 
the value of chi-square is not necessarily required. For example, let 5% 
be significance level, then we draw the lines L(p;+1.96). As (+1.96)?= 
3.841, the values of chi-squares of sample points placed outside the two 
lines L(p;+1.96) are greater than 3.841 from the Property 1’. To draw 
the lines L(p;+1.96) we make use the line H(3.841) corresponding to 
the auxiliary-scle 2.5, because the lines L(p;+1.96) pass through the 
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points (p+Vp(l—p)/N’, 3.841) on the line H(3.841), where N’ is the 
base. 

(Ex. 1) Is each of four sample points S,= (56%, 500), S,=(46%, 
300), S;=(53%, 200) and S,=(49%, 500) a random sample from the 
population P(50%, oo) ? 





oO e — - 
oo) ea - — slit : si ra 
100 F ~4, best ‘ ed 
50} | 53 
| a 
D C % 
» a 
+ 5 
ae Ss Ss V0 
(S00) 5 
(400) 4 2.5 
90) 3 + 5.00 
nH S i 
( G 
10.00 
a a a Cer ‘os 1587 
45 50 5 


Fig. 5. Example 1. 


(Solution) Take 100 as base. When p=50% and N=100, we can 
read the value 5°% on nomograph I. Let 5°, be the significance level. 
We draw the lines L(50°, ;-+1.96) using the line H(3.841) and we call 
them PG and PH. Only the sample point S, lies outside of the lines 
L(50%, ;+1.96), and we do not conclude that the sample S, is drawn from 
the population at the 5° level of significance. 

If we wish to know the values of the chi-square, we must draw the 
lines L(50°%,;+1) which intersect lines H(1), H(10) and H(100) at the 
points A,B ;C,D ;E,F respectively. The value of chi-square corresponding 
to the sample S, is given as the ord nate of the intersection of lines PS, 
and V(A). It is 7.1, exact value being 7.20. Similarly the chi-square 
value for S, is read as 1.9, while exact value is 1.92. The chi-square 
value for S, is given by the intersection of PS, and V(C). It reads 0.72 
and equals to the exact value. For the sample S, it reads 0.19, exact 
value being 0.20. 

4. Yates’ correction 
By Yates’ correction the formula (1) becomes 


? = (|p—p’|—1/2N)/(pq/). 


This means graphically that we must take the point S’=(p’+1/2N, 
N) instead of the sample point S=(p’, N), where the sign + must be so 
selected that the corresponding point S’ comes nearer to the line V(p) 
than the point with other sign. Example will be shown in chapter 5. 
5. Test of a 2xn classification 
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Given a 2n classification : 


Me Me. «+ « Me a a+tb=N, Laj=a 
Mm BM «© « « Be b ai +b; = Ni, Lb; = b. 
— Mees ms 


The chi-square is calculated as follows which certifies the independence 
or the heterogeneity in the above table: 
n 


e 1{ (a;j—aNj/N)? é (b;—bN;/N)? 
‘ >) aN;/N bN;/N , 


i=1 


If we substitute 
a/N = p, l—p = q, a;/Ni = pi, 1—p; = qi 


in the above formula, we get 


2 1 Ni(pi—p)? , Ni(qi—q)? 
| » p | q 
i=1 


since pji—p = q—qi 


‘ 1 (pi—p)? (9 
. Y aaINi ‘ \«) 


By this equation we can read graphically the value of the chi-square as 
follows: read graphically the chi-square value for each point (pj, Nj) 
with respect to the fixed point (p, co) and sum up these n values of the chi- 
square. 

The case of 22 contingency table is a special one in which n=2. 
But it becomes by Yates’ correction : 


pera (|p1—p|—1/2N,)? p: —p|1/2N,) ra 
pq/N, pq N, 


(Ex. 2) 

Can we detect the significant difference between two proportions of 
the positive reactors to Tuberculine in classes A and B? 

(Solution) Take N=10 as base. Plot A=(28.9%, 45), B=(11.5%, 
61) and P=(18.9%, co) on the chi-square paper, and draw the straight lines 
L(18.9% ;+1) and H(1) intersecting in the points Q and R. The point 
Q’is the intersection of the lines PA and V(Q), and the point R’ is that 
of the lines PB and V(R). We can get 5.00 graphically as the sum of 
chi-square from two points Q’ and R’ whereas its exact value is 5.12. 
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TABLE I 


Tuberculine Reaction 





Class Examined Negative Positive 
106 20 86 
Total (100.0%) (18.9%) (81.19%) 
A 45 13 32 
: (100.0%) (28.9%) (71.1%) 
B 61 7 54 
(100.0%) (11,5%) (88, 5%) 


P= (18.9%, 0) 
Ke 


= fh — 
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Fig. 6. Example 2. 


It is preferable at this problem to take Yates’ correction. We take 
the points A’ and B’ as correction points of A and B: 
A’ = (28.9% —1.1%, 45) = (27.8%, 45) 
B’ = (11.5% +0.82%, 61) = (12.32%, 61). 
We get value 3.99, the exact value being 4.06. 


(Ex. 3) 


According to this Table II, can we conclude that these 6 samples 
are drawn from the same population ? 


1apte if 


School Children Examined for Ascaris 


j 





School Retained 


‘ Examined chi-square 
a Number Proporjion 
Total 1.226 756 61.7% 3.703 
] 213 137 64.4 0.68 
2 221 141 63.8 0.43 
3 227 136 60,6 0.286 
4 200 115 i 1.54 
5 187 122 60.2 0.187 
6 178 105 59.0 0.58 
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Fig. 7. Example 3. 


(Solution) Take N=100 as base. We get Vp(1—p)/100%4.86(%) 
by the case p=61.7(%) by nomograph I. Denote by A and B the inter- 
section of L(61.7%;+1) and H(10). The chi-square values read on the 
lines V(A) and V(B) are shown in the above table. Conclusion: Hy- 
pothesis of homogeneity is not rejected. 

6. Test of mxn classification 

Given an mxXn classification : 


ayy Ayes + es Amn Dy yay = N;, 
ie tes «+ + Oe | 

dai =5;, 
: J 

amt amg + + + Amn Sm YN; = YS;=N. 
N, N,... N,N i : 


Then the corresponding chi-square is given by the formula: 
sis yy (ay—SjNj/N)? 
\Z S;N;/N 
a 


Hence we find, putting S;/N = p; and aj/N; = pj, 


sca yy see (4) 


i 


The last formula is considerably different from (3). Consequently we 
need nomograph of /p/N, then we must use the nomograph IIT and IV 
as was mentioned in chapter 2. 
(1) Nomograph III: This nomograph turns into that of Vp/N, 
if only we take px 100 and N=100. 
(2) NomographIV: In this case we must take 10 times the numbers 
on the lower side, and take px 100 and N=100. 
7. Rejection limit 





36 M. Kamoi and Y. Noye 


We shall first consider the other method for comparing two sample 
proportions without values of chi-square. ‘Take the level of significance 
at 5% and let two sample points be P,=(p,, N,) and P,=(p., N,). The 
formula (2) becomes 


2 — (P1- P2)* 
pq/(1/N,+1/N,) ’ 
where 
= PiNi+p.N2 - 
p N,N, q=I1-—p 
- “4% Qa . R 0 
i. va 
=i 1) 
= Pr 
; P 
| : L (p; 1.96) 


Fig. 8. Lemma. 


Now we shall define the positions of five points, 
P,’ = (pm, «), FP,’ = (p,, co), PF = (p, @), 
Pp (P, N,N, (Ni I N,)); 
S = {p+ 1.96 V/pq/(1/Ni+1/N2), NiN2/(Ni+N,)}. 
It is clear for the first two points. Regarding to the point P’, draw the 
right-angled triangle as shown in Fig. 8, where OQ,=P,P,’ and OQ,= 
P,P,’._ Then we define the point R by the relation Q,R=P,’P,’. The 
line RR’ is drawn parallel to OQ, and the line R’Q is perpendicular to 
Q,Q.. Thus by the relation P,’P’=Q,Q we can define the point P’. 
On the line V(P’) the relation P’P=Q,Q., defines the point P. The point 
S is the intersection of H(P) and L(p; 1.96). We can conclude the follow- 
ing fact whose proof is omitted here. 
The difference of p,; and pz, is significant at the 
level 5%, if and only if PS<P,’ P,’. 
Now we shall proceed to the main subject. We wish to obtain the 


domain in which any point is significantly different from the fixed point 
P=(p, N). We consider the case only where the sample proportion is 
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Fig. 9. Rejection Limit. 


always greater than p and the significance level is fixed at 2.5%. 

We must look for such a point Q=(py, ©) that the line L(p, ;—1.96) 
passes through P=(p, oo). Practically it can be easily carried out. The 
first approximating value of py, is given as the absissa of the intersection 
of L(p; 1.96) and H(N). The first approximation is smaller than pg, 
but sufficiently nearer value of py will be attained by applying the “ trail 
and error’ method using nomograph in chapter 2. By the Property 1’ 
the chi-square value between Q=(pp, ~©) and P=(p, N) is 3.841. 

Next for any given N’, we wish to look for a point P’=(p’, N’) such 
that the chi-square value between P’=(p’, N’) and P=(p, N) is 3.841, 
where p<p’. Let the point (p, N-+N’) be the composition point of P 
and P’—for example, the point (p, N,+N,) mentioned in the beginning 
of this chapter is the composition point of P, and P,—then p is smaller 
than pp» for any given N’. Accordingly we can use L(p,;—1.96) in place 
of L(p;—1.96). Let (po;—1.96), V(P) and V(Q) be the line QP, PR 
and QO’ respectively as shown in Fig. 10. Let T be the intersection of 
V(P) and H(N’). By the condition PR=RS we define the point S and 
by ST=QU the point U. Let V be the intersection of H(U) and L(py; 
1.96). By the condition UV=TP’ we define P’=(p’, N’) on the line 
H(N’), then the point P’ is the required point. Considering the various 
values of N’ we get the required domain approximately. 

8. Confidence interval 

When a large sample (p, N) is given, sometimes the formula p+ 
cVp(1—p)/N is used to get the confidence interval of p. On that case 
c equals to 1.96, if the confidence coefficient is 95°%. The usage of this 
formula is equivalent to the usage of chi-square paper. So that the confi- 
dence interval of p for the given sample (p, N) coincide with the segment 
which is obtained by the intersection of L(p;+1.96) with H(N) in 95% 
of the confidence coefficient. 
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9. Specific example 
In Table III we have shown the infant mortality rates by prefecture 
TasBLe III | 
Numbers of Live Births and Infant Mortality : 
Rates by Prefecture 
Prefecture Number of live births (her 1 00 tne bathe) 
All Japan 1 765 126 44.7 
Hokkaido 109 681 40.8 
Aomore 36 470 66.8 
Iwate 36 710 72.4 
Miyagi 39 725 48.5 
Akita 32 231 59.4 
Yamagata 26 502 53.9 
Fukushima 51 605 | 
Ibaraki 46 553 Ja.0 
Tochigi 34 841 47.6 
Gumma 33 371 43.2 
Saitama 47 057 53.4 
Chiba 43 798 52.2 
Tokyo 121 165 5 
Kanagawa 50 241 34.5 
Niigata 54 299 41.4 
Toyama 19 472 59,1 
Ishikawa 18 997 58.7 
Fukui 14 820 54.9 
Yamanashi 16 514 34.5 
Nagano 36 798 31.6 
Gifu 31 150 47.1 
Shizuoka 53 630 40.5 
Aichi 65 409 44.4 
Mie 27 268 44.7 
Shiga 15 718 52.6 
Kyoto 28 526 38.1 
Osaka 72 679 38.2 i 
Hyogo 61 746 38.8 
Nara 13 657 48.8 I 
Wakayama 17 728 41.5 i 
Tottori 12 591 40.6 
Shimane 17 942 47.1 
Okayama 29 287 42.7 
Hiroshima 38 317 43.0 
Yamaguchi ' 29 151 39.3 
Tokushima 18 302 51.8 V 
Kagawa 16 842 ee 
Ehime 30 987 43.9 v 
Kochi 15 803 43.4 r 
Fukuoka 77 172 33.4 
Saga 22 952 47.1 
Nagasaki 44 716 44.1 Sl 
Kumamoto 43 300 41.3 
Oita 29 533 53.4 P 
Miyazaki 27 842 45.4 
ae 


Kagoshima 52 032 39 
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Fig. 11. Distribution of ILM. Rate by Prefecture (2). 


in Japan in 1954. We take N=10,000 as base and 44.7% as population 
proportion. By the lines L(44.7%0 ;+1.96) 46 sample rates are classified 
in 3 parts as shown in Fig. 10 and 11. 


SUMMARY 


We have discussed a new graphical method, for the chi-square test, 
which we call ‘‘ the method of chi-square paper.” Using our method, 
we solved the problem of 22, 2xn, and mn classification and their 
references with sufficient rapidity and accuracy. 

It is not only applicable to a small sample but more effectively to 
such a smaple having the large size and very small rate as appears in the 
public health statistics, especially in the vital statistics. 

The authers wish to express their hearty thanks to Professor M. Segi who 
encouraged them constantly during our study. 
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INTRODUCTION 


The retina ontogenetically originates from the brain and shows some 
structural similarity to the cerebral cortex, consisting of several layers of 
nerve cells!?). From this structural resemblance it may be supposed that 
some of the electrophysiological phenomena observed in the cerebral cortex 
should be observed in the retina as well. 

Gouras*”) reported that spreading depression similar to that ob- 
served by Leao in the cerebral cortex occurs in the retina. 

As have extensively been studied by a number of investigators,>!” 
evoked potentials occur in response to direct electrical stimulation of the 
cerebral cortex, but nothing has yet been reported on a similar phenomenon 
in the retina. 

As early as 1900, Waller!!”) stimulated the frog’s eyeball with single 
induction shocks and succeeded in recording a long-lasting variation of 
current by means of a galvanometer. He called this phenomenon “a 
of the retina, and attempted to analyze the ERG on the 


be) 


blaze-current 
basis of this phenomenon. 
Later Granit'®)™ investigated the effect of polarization upon unit dis- 
charges of the cat’s retina. 
The present paper deals with slow electric responses of the isolated 
} P I 
retina of the carp to direct electrical stimulation. 


EXPERIMENTAL 
Method 


The carp’s isolated retina was mounted with the receptor side up- 
wards on a silver plate covered by a cotton pad soaked with a modified 
Ringer’s solution of the following constitution: NaCl 0.75, KCl 0.02, 
CaCl, 0.02 NaHCO, 0.02. The silver plate served as an indifferent 
electrode for recording and sometimes as a diffuse electrode for monopolar 
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stimulation. ‘The same optical system as described in a previous paper?) 
was used. 

For stimulation bipolar electrodes consisting of silver wires 100 w in 
diameter, insulated except at the tips, were used in most cases. The 
interelectrode distance was about 1mm. In some cases, however, mono- 
polar stimulation was made, where a 3MKCI-filled glass pipette of 2-3 y 
in diameter or a Ringer-agar-filled glass pipette of 50 ~ in tip diameter 
was used as a stimulating electrode. The resistance of these electrodes 
was about | MQ. 

An electric pulse of 0.5—-1 msec. in duration was usually employed. 
A resistance of | MQ was inserted in series with the stimulating bipolar 
electrodes so as to make the current independent of the tissue resistance: 

In order to reduce shock artifacts, a recording electrode, filled with 
3M KCI, was placed in a line mid-perpendicular to the pair of stimulating 
electrodes. Further by using a special type of amplifier shock artifacts 
could be reduced to a considerable degree. This amplifier was a D.C.- 
amplifier with negative feed-back through Miller’s integrator circuit, and 
worked similarly to a R.C.-amplifier with a time constant of 0.5 sec., as 
far as an input signal was smaller than the saturation input voltage, but 
differed from a R.C.-amplifier in that it behaved like a D.C.-amplifier 
for input signals larger than the saturation input voltage. ‘Thus a transient 
phenomenon following electrical stimulation ceased so rapidly that the 
potential in question was little deformed by shock artifacts. 

Experiments were carried out at room temperature between 10° and 
17°C. throughout. 


Results 


Patterns of local responses to direct electrical stimulation and their relation 
to stimulus strength 

A negative potential of about 20 msec. in duration appeared in re- 
sponse to direct electrical stimulation. This potential was followed by 
a second negative response under favorable conditions. Examples are 
shown in Fig. 1. The potential, especially the second one, is facilitated by 
a background illumination of moderate intensity. This relation can be 
seen from comparison of upper records obtained under light adaptation 
to 500 lux and lower ones obtained in darkness. It is to be noted that the 
trough separating the first and second responses can be so deep that it 
constitutes a marked positive deflection. The first response may be 
preceded by a brief positive phase which is usually obscured by a shock 
artifact. 

The pattern of potential depends upon the intensity of the stimulus ; 
when the intensity is low, only a negative first response appears, and the 
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Fig. 1. Various patterns of response to direct electrical stimulation of 
0.5 msec. Records in upper row were taken under general illumination of 
500 lux and those in lower row in darkness. In this and subsequent records 
upward deflection denotes negativity at recording electrode. Time marks 
10 msec. Vertical bar 500 nV. 


threshold for the second response is usually much higher than for the first 
one. The positive deflection preceding the second response becomes more 
prominent as the stimulus intensity is raised. 

The relation between the magnitude of the first response and the 
stimulus strength is shown in Fig. 2. As indicated in this figure, the 
response became maximal at an intensity of 30 wA. 
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Fig. 2. Plot of magnitudes of response against stimulus strengths. (20 


stands for 36 yA). 


Next, the recovery cycle was investigated, using double maximal 
shocks delivered at various intervals. The result is shown in Fig. 3, where 
the amplitude of a control response to a single shock was taken as 100%. 
There was a refractory period of about 10 msec. or so, which was followed 
by a prolonged phase of post-excitatory depression lasting for about 150 
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Fig. 3. Recovery curve of slow response. Responses to conditioning and 


test shocks spaced by 35, 80 and 120 msec. respectively are given above recovery 
curve. Last single response is a control obtained by test shock alone. 


msec. Such a long depressive phase following the conditioning response 
is comparable to that observed by Chang’® in the apical dendrite, although 
there is no apical dendrite in the retina. 

Retinal structures responsible for the potential in question 

In order to get information about the origin of the potential in question, 
the following two kinds of experiments were performed: In one series of 
experiments, the stimulating bipolar electrodes were fixed at the outer 
surface of the retina, and the recording microelectrode was inserted at a 
point located 1 mm. from the stimulating cathode into various depths to 
record potentials at each position of the microelectrode. In the other 
series of experiments, the recording electrode was fixed at a certain point 
of the outer surface of the retina, and the monopolar stimulating electrode 
was inserted into various depths. 

An example of the first series is shown in Fig. 4, where responses 
represented by continuous curves were obtained under light adaptation 
to 300 lux. When the background illumination was switched off, a re- 
sponse represented by a broken curve was obtained. As the recording 
electrode was advanced in steps of 40 ~, no appreciable change occurred 
in responses till a depth of 1204. The magnitude of responses was, 
however, markedly reduced on advancing the microelectrode into deeper 
layers, and spontaneous unitary spike activity was observed at depths be- 
tween 160 and 240 ~. These depths correspond to the layers proximal 
to the inner nuclear layer according to our previous histological controls.” 
Therefore the observed unitary discharges must have originated mostly 
in ganglion cells. The dependence of the magnitude of responses on 
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Fig. 4. Responses at various depths to stimulation by surface electrode. 
Numerals on left show depths in p from outer surface of retina. Recording and 
stimulating arrangement is shown in lower left. Graph showing magnitude of 


Ist response (open circles) and 2nd (filled circles) is shown in lower right. 


depths is shown in the inset where open and filled circles refer to the first 
and second responses respectively. A series of records shown on the right 
was obtained at each position of the microelectrode when it was with- 
drawn. 

It is to be noted that any phase shift or reversal did not occur with 
respect to the first response, although a slight phase shift was observed 
concerning the second response. This experiment indicates that some 
excitable tissue near the outer surface of the retina was stimulated. 

An example of the second series is shown in Fig. 5. The stimulating 
electrode was pushed down into the retina in 50 mw steps, the recording 
one being fixed at the surface. For stimulation a constant current of 
20 vA of 0.5 msec. in duration was passed between the diffuse electrode 
and the cathodal microelectrode. The magnitude of response was maximal 
when the stimulating electrode was placed at a depth of 100 uw. In the 
layers deeper than 150 ~ the responses were very small in magnitude. 
From this finding it may be said that the retinal network intervening be- 
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Fig. 5. Responses recorded at surface to stimulation by microelectrode 


inserted into various depths from surface. 


tween the receptor layer and the ganglion cell layer must be stimulated 
electrically. 

Effects of some chemical agents upon the response 

Such chemical agents as strychnine, d-tubocurarine, 7-aminobutyric 
acid, and cocaine have been used for investigation of dendritic potentials 
in the mammalian cerebral cortex.!8-??? 

In the present experiment these agents were at first applied directly 
to the outer surface of the retina, but the method has proved to be in- 
adequate, because of a too large shock artifact caused by a short-circuiting 
effect of the applied solution. 


So the agents were administered into the vitreous body by means of 


a microsyringe. A needle of 0.33 mm. in outer diameter attached to the 
microsyringe was inserted into the vitreous humor in such a manner that 
its nozzle might come into contact with the inner surface of the retina. 

The bipolar stimulating electrodes and the recording one were placed 
in the usual manner at a retinal part just above the nozzle. After a control 
response was recorded, a tiny droplet of the agent was injected and then 
records were taken successively. Examples are shown in Fig. 6. In the 
left column it can be seen that 3°%, strychnine augmented the amplitude 
of the negative response and shortened the peak latency of it. 5x 104M 
d-tubocurarine also increased the response amplitude, though less markedly 
than strychnine (see the middle column). 4%, cocaine abolished the poten- 
tial within 2 minutes. 

In another series of experiments the agents were dissolved in isotonic 
solution of glucose, and single droplets of these solutions were applied to 
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Fig. 6. Actions of strychnine, d-tubocurarine and ‘cocaine. Records 


from top downwards were taken before, 1.5 min., and 3 min. after application 
of 3% strychnine. With 5x 10-* M d-tubocurarine time of recording was 
before, 2.5 min. and 9 min. after application. With 4°% cocaine, before, 0.5 


min. and 2 min. after application. 


the outer surface of the retina. 

The results obtained were found to be similar to those shown above. 

It has been shown by a number of investigators*!-**) that 7-amino- 
butyric acid (GABA) abolishes the surface negative dendritic potential in 
the cat’s cortex. In our experiment GABA seemed to have a slight de- 
creasing effect upon the negative response, though no clear-cut action of 
this agent could be observed. 

Carbon dioxide is known to eliminate the ERG of the amphibian 
eye.4) The ERG is a mass response of the retina to photic stimulation. 
In deteriorated preparations no response appeared to direct electrical 
stimulation, but such preparations used to show responses or ERG to 
photic stimulation, though reduced in size. When CO, was insufflated 
onto the intact preparation, both ERG and response to direct electrical 
stimulation were abolished almost immediately. However, on cessation 
of CO, insufflation the ERG recovered much more rapidly than the re- 
sponse to electrical stimulation. 

Slow negative response to electrical stimulation and spike discharges of the 
retina 

Now it seems to be almost evident that the response in question originates 
in the retinal network. It would be a matter of interest to study how the 
response is related to spike discharges of proximal neurons. In the follow- 
ing experiments a light stimulation of about 0.5 sec. in duration was ap- 
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plied to the receptor side of the retina every 5 sec., while a recording micro- 
electrode was advanced from the receptor side to the vitreous side. When 
unitary spikes were picked up by the recording electrode, the latter was 
stopped to carry out electrical stimulation by a monopolar electrode 
placed 0.5 mm. away from the recording one. The effect of the negative 
response on the unitary discharges of probably tertiary neurons was found 
to be different depending upon the type of neurons. When it was an 
off-element, spontaneous spikes were suppressed during the negative phase 
of the slow response, but when it was an on-element, the frequency of 
discharge was augmented during the negative phase of the response. 
Some examples are illustrated in Fig. 7. The uppermost record of the 








Fig. 7. Unit discharges of off-element (left column) and those of on- 
element (right column). Effects of illumination (uppermost records). Effects 
of electrical stimulation (second records). Effects of cathodal polarization 
(third records), Effects of anodal polarization (bottom record). Time mark 


for left records 100 msec. That for right ones 10 msec. 


left column was obtained in response to a light stimulus of 200 lux. In 
this record suppression of discharge is evident, although the postinhibitory 
rebound is not so marked. ‘The second record indicates that the unit 
discharge was inhibited during the slow response caused by an electric 
pulse of 0.5 msec., and that a burst of spike: appeared at the end of the 
slow response. The same unit was then subjected to cathodal polariza- 
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tion by a weak negative pulse of 500 msec. As is shown in the third 
record, the effect of the cathodal polarization was similar to that of the 
negative response in that the spontaneous spikes were suppressed during 
the negative shift of potential, and appeared with increased frequency at 
cessation of polarization: Anodal polarization exerted an opposite effect 
on this unit (see the bottom record). In the right column of Fig. 7 ex- 
periments on an on-element are shown. ‘The uppermost record shows on- 
discharge caused by illumination. The second one indicates that an 
electrical stimulus caused a slow response on which spikes were super- 
imposed. 

In the bottom record a facilitating effect of cathodal polarization on 
the unit discharge. In some cases, however, spontaneous spikes were 
almost independent of polarization or negative slow responses. 

Some experiments were performed with units of on-off type. An 
example is shown in Fig. 8. When the intensity of the electrical stimulus 





Fig. 8. Effects of electrical stimulation of various intensities on unitary 
discharge of on-off-element. SP indicates spontaneous discharge. Numerals 
show intensity of current in pA. Vertical and horizontal bars indicate 300 nV 


and 100 msec. respectively. 


was low, a group of spikes appeared on the negative crest of each slow poten- 
tial variation, but stronger stimuli brought about a sustained negative 
deflection on which a train of unit spikes were superimposed. 
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DiIscussION 


The slow potential observed above resembles the so-called dendritic 
potential of the cerebral cortex: 1. The duration of the slow potential 
is from 20 to 30 msec., that is, of the same order as the duration of the 
dendritic potential.6 2. The negative dendritic potential can be pre- 
ceded by a positive deflection, and this is also the case with the slow poten- 
tial under consideration. 3. Both potentials are graded responses. 4. In 
the recovery cycle for the dendritic potential evoked by direct electrical 
stimulation of cat’s cortex depressive phase lasted about 40-55 msec. and 
no supernormal phase could be observed (Chang'®). The depressive 
phase lasted about 500 msec. for the dendritic potential of Type N in 
the rabbit’s cortex, 100 msec. for the negative potential of Type PN I 
and PN II. Nosupernormal phase was found in Type N, but a remarkable 
one followed the above-mentioned depressive phase in Types PN I and 
PN II (Suzuki & Taira). 

The depressive phase lasted about 150 msec. in our responses, and no 
supernormal phase could be found. 5. Chang’®) showed that the facilita- 
ting effect of strychnine was very slight on the dendritic potential of the 
cat’s cortex, while Purpura & Grundfest'®) observed an appreciable facili- 
tating effect of strychnine. 

As has been mentioned above, a moderate facilitatory effect of strych- 
nine was observed upon the slow negative potential of the retina. Pur- 
pura et al) reported a similar facilitatory effect of d-tubocurarine in ac- 
cordance with our finding. 6. Iwama & Jasper,??) Purpura et al.2”) and 
others showed that the negative dendritic potential was completely abolished 
by topical application of GABA. We used GABA of 5x10 M, but 
could find no such striking effect upon the slow negative response of the 
retina; the effect was depressant, but only slight as compared with the 
effect found at the cerebral cortex. 

The similarity found between the dendritic potential at the cortex 
and our phenomenon should be attributed to some anatomical structure 
common to both cerebral cortex and retina. As has been mentioned 
above, the laminar structure of the retina bears some resemblance to that 
of the cortex, except for the receptor cell layer. The latter may have 
nothing to do with the potential in question, and this may be justified 
experimentally on the basis of the fact that the amplitude of response was 
maximal when the stimulating electrode was placed at a depth proximal 
to the receptor layer. In the innermost layers in which unit discharges 
could be observed the amplitude of the slow response was smallest and for 
this reason the ganglion cell layer may be excluded as well. In con- 
sequence it may be concluded that the retinal network intervening be- 
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tween the receptor cells and the ganglion cells must be responsible for 
the potential under consideration. 

There are bipolar cells, horizontal cells, amacrine cells and others in 
the retinal network and it should further be elucidated what contribution 
these neurons will make to the slow potential caused by electrical stimula- 
tion. In our next paper some reference will be made to this question. 

In the normal mechanism of photoreception some electrical change 
must be induced from the receptor cells into the retinal network which 
represents a common path for photic and electric activation. It may be 
expected that there occurs some interaction between electrical changes 
caused by both sorts of stimuli in the common path. As a matter of fact 
it was shown that the negative slow potential caused by electrical stimula- 
tion is influenced by background illumination. 

Tomita?®)?”) recorded with a microelectrode electrical responses to 
focal illumination from various layers of the retina and found that the 
retinal network was a principal seat for the responses. 

It will be interesting to investigate the interaction between responses 
caused by photic and electric stimuli. We have obtained some relevant 
results and are going to publish them in our next paper. 

The electrical activity of the retinal network evoked either by photic 
or electric stimulation must be related to initiation of impulses in the third 
neurons of the retina. The impulse activity of these neurons was recorded 
by a microelectrode inserted into the innermost layer of the retina. The 
microelectrode picked up the electrotonic spread of the slow activity in 
the retinal network, so that it was possible to study the relation between 
both sorts of activity. ‘Thus it was found that the spontaneous discharge 
of the off-element was suppressed by the negative slow potential to electric 
stimulation as well as by cathodal polarization. ‘This finding is in line 
with Granit’s observation on the cat’s eyebulb.’®) It would be difficult 
to account for this depressant effect of the negative potential or cathodal 
polarization in terms of direct effects upon the third neurons, because 
cathodal polarization usually facilitates neuronal activity. 

As pointed out by Granit?®) it would be necessary to assume inter- 
calation of some inhibitory neurons. In the on-element spike discharge 
occurred in most cases corresponding to the crest of negativity of the slow 
potential. Therefore it is likely that the slow potential of the retinal 
network is a generator potential for the third neurons. 


SUMMARY 


The carp’s inverted retina was stimulated by a brief electric pulse 
of 0.5—1 msec. 
1. A negative potential less than 1 mV in amplitude appeared 
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following the stimulating pulse and lasted about 20-30 msec. 

2. This potential is a graded response, and facilitated by a suitable 
background illumination. 

3. When the intensity of the stimulus was sufficiently high, the 
negative potential mentioned above could be followed by a second and/or 
third similar responses. A positive deflection intervened between succes- 
sive negative deflections. 

4. Some facilitatory effects of 3%, strychnine, and 5x10*M d- 
tubocurarine were observed upon the negative slow potential. 

5. A monopolar stimulating microelectrode was inserted into various 
depths of the retina, and it was found that the retinal network intervening 
between the receptor cell layer and the ganglion cell layer gave the greatest 
responses, 

6. The relation between the slow potential and unitary discharges 
was investigated. The discharge of an on-element was facilitated by the 
negative response as well as by cathodal polarization, whereas that of an 
off-element suffered from suppression. 
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INTRODUCTION 


The presence of a hereditary disease which is characterized by black- 
brown blood and inherited dominantly, in a village of the Iwate prefecture 
and the results of biochemical studies of the disease were reported previ- 
ously in this journal as the first and second?) reports. This paper presents 
the results of the further examinations. 


METHODS AND RESULTS 


Supplementary notes on the mode of inheritance of this disease 
Blood types 

The distribution of the ABO blood types of the patients of this disease 
was as follows: O, 34.8%; A, 20.92%; B, 25.58%; AB, 18.61%. 
This distribution is almost identical with that of the general Japanese, 
among whom type A is less and type O is more common, and agrees with 
the high incidence of type O in this North-Eastern district of Japan. 

The biological race index was 0.84 and lower than that of this pre- 
fecture which is 1.25. From this index this group may be considered as 


The inheritance of blood types follows the laws of heredity 


both in the healthy and in the diseased. No conspicuous feature was 
observed in the distributions of the Q and S blood types. 


Finger prints and palm patterns 


As to finger prints ulnar loops were found most frequently. _Whorls 
were next, and arches and radial loops were rarely seen. ‘These observa- 
tions accord with the fact that whorls are common in the Pacific coast of 
the North-Eastern district. 


T 


a , ; \ ‘ 
rhe index of finger prints was 50.8 and smaller than the average 
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Supernatant of the above mixture (I) after two hours-incubation at 38° 
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was tested with Beckman’s spectrophotometer. 
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Fig. 2. 

(I) +Na,S,O, 
After reduction by adding Na,S,O, to the supernatant of (I). 


of those of the Japanese. 

Palm patterns were examined by Wilder’s method. No peculiar changes 
were found. 7553 and 11975, which are most common in this prefecture, 
were most frequently seen among the patients of this disease. 

In summary, no anthoropological peculiarity was found in the studies 
of blood types, finger prints, palm patterns and biometry. The patients 
seemed to be innate in this district (Akashi*). 

2. Biochemical examinations 

The analysis of the blood of the patients of this disease revealed no 
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Fig. 3. 
(1) +Na,.S,0,+1/3 volume of 3°% NaOH 
Na,S,O, reduction after 1/3 volume of 3° of NaOH was added to the 
protein component. 
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Fig. 4. 
I) +Na,S,0,+CO 
Passing CO into the supernatant of the mixture (1) after being reduced by 
Na,So0,. 


remarkable changes in the contents of inorganic phosphorous and inorganic 
copper. Blood enzymes such as catalase and phosphatase were normal 
and no change was found in the content of glutathion which is important 
in reduction of methemoglobin. The O,-combining capacity, which was 
examined to find out the connecting mode of Hb-iron, was found to be 
normal. 
3. Paper Electrophoresis of Hb 

Electrophoretic analysis of 10% Hb solution was performed with 
Toyo filter paper No. 51 and veronal buffer (pH 8.6) at 500 V for 5-10 
hours. A green, brown band was recognized by B.P.B. staining. This 
observation seems to be closely related with the previous finding of two 
abnormal (upper, dark green; lower, brown) absorptive layers in the 
hem solutions of the patients with this disease by the absorption chromato- 
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Fig. 5. The sediment of cholehemochromogen dissolved in 4.0 c.c. of 
1.5%, NaOH. This sediment was obtained in the same condition as Fig. 1. 
The same abosorptive curves were seen both in Fig. 1 and Fig. 5. 
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Fig. 6. After reduction of the sediment by Na,S,O,, the both healthy 


subjects and the patients showed the same absorption. 


graphic method with calcium carbonate. 
4. Fluorescent substances in urine 

Abnormal excretion of xanthurenic acid was found by PPC (Paper 
Partition Chromatography). Since the excretion of VB, and VB, into 
urine was normal, absence of Apoenzymes may be suspected in the process 
under xanthurenic acid in the metabolism of tryptophan. 
5. Absorption spectrum of Hb 

Almost no difference was noticed in Hb dispersion spectrum, and Hb 
and hem infrared absorption spectra between the patients with this disease 
and healthy subjects. It is an interesting subject to see what kind of 
decomposing processes and decomposed substances are responsible for the 
abnormal coloration of the Hb of the patients of this disease. To obtain 
green decomposed substances from Hb under nearly physiological con- 
ditions in vitro, HbO,-Ascorbic acid-O, system was chosen and absorption 
spectrum was studied. 





O 











Hereditary Black Blood Disease 59 


When oxygen saturated Hb water solution was incubated at 38°C 
with ascorbic acid neutralized with N/10 NaOH, the color turned to green 
as time elapsed and a green precipitant was also obtained at the same time. 
The following observations were made with a Beckman’s spectrophotometer. 

a) Supernatant 

In Fig. 1, the absorption curve of the supernatant itself is shown. 
The optical densities were especially high in both sides of two absorptive 
bands around 500 my and 600 my. The top of absorption curve did not 
fall completely to the base line. The absorptions at 630 mu and 670 my 
were obscure. 

After reduction with Na,S,O,, as shown in Fig. 2, the absorption at 
670 my disappeared and that at 630 my was slightly intensified. How- 
ever, since the absorptions around 500 mu and 600 my were high, the 
absorption at 630 my was not so remarkable. When the supernatant 
was reduced with Na,S,O, after protein was hydrolized with NaOH, as 
shown in Fig. 3, the absorption in the green band at 558 mu and 528 
my corresponded to alkalihemochromogen. 

The red band absorption at 630 my was shifted to 620 my and the 
absorption was so increased that no clear difference in absorption was 
recognized between the patients and healthy subjects. 

When the supernatant was reduced with Na,S,O, and bubbled with 
CO, as shown in Fig. 4, the absorption at 630 mu became marked as in 
the healthy subjects. 

b) Precipitant 

The green precipitant was denatured globin. When it was dissolved 
in NaOH, as shown in Fig.-5, the absorption was at 630 mu. By reduction 
with Na,S,O,, as shown in Fig. 6, it was shifted to 620 my and the ab- 
sorption was increased just as in the healthy subjects. 


CONCLUSION 


The present studies failed to reveal any definite conclusions about 
pathogenesis of this disease. The one causality may be speculated among 
the green livores, the dark green abnormal absorption layers observed by 
chromatography, and the green-brown substance obtained by paper 
electrophoresis. 

From the findings with spectrophotometer it is supposed that blood 
from the patients with this disease may be easily oxydized to form a com- 
plex compound of hematin group. Since no change is observed in the 
quantities of iron, copper and globin, it may be conceivable that the 
abnormal colloration is due to a specific structure of porphyrin nucleus. 
Further studies should be continued to clarify this point. 
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Due to the advance of virology, it has been shown that aseptic menin- 
gitis can be caused by various viruses. In Aomori City and its neighbor- 
hood, outbreaks of aseptic meningitis have been seen every year since 
1954 in children mostly during summer. 

In 1954 and 1955, we were able to isolate viruses from cerebrospinal 
fluid, blood and throat washings from patients with aseptic meninigtis. 

In 1952, Sano” and Kuroya® isolated a new virus from the lungs of 
newborn pneumonitis. ‘This virus was later named HVJ (Hemaggluti- 
natining Virus of Japan), Sendai Virus or Influenza D.*) The virus we 
had isolated from the above-mentioned cases of aseptic meningitis was 
identified as HVJ. 

In the present paper we shall report mainly clinical observation of 
125 cases of aseptic menigitis due to HVJ that we experienced in the 
Aomori area from 1954 to 1956. 

Clinical Features 

Incidence. As is given in Table I, aseptic meningitis occurred in 
the season from June to October, but in 1955 and 1956 the outbreak was 
seen all the year round. 

Age and Sex. As is given in Table II, most patients were under ten 
years, and there were more males than females. 

Symptoms and Signs 

The onset was abrupt in all the cases. Symptoms and signs were 
summarized in Table III. Fever, nausea, vomiting and headache were 
outstanding symptoms. Fever was always present except in a case. Dura- 
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TABLE I 


Seasonal Incidence of Aseptic Meningitis in 125 Cases 
from 1954 to 1956 





Number of cases 


Year Jan. Feb. March April May June July Aug. Sep. Oct. Nov. Dec. Total 

1954 0 0 0 0 0 3 8 19 10 4 0 0 44 

1955 2 l 2 0 2 7 9 4 1 5 + 48 

1956 6 2 0 2 0 4 6 6 4 2 1 0 33 

Total 8 3 2 2 2 14 25 34 18 7 6 & 
Taste II 


Age and Sex of 125 Cases of Aseptic Meningitis 





Number of cases 





Age Male Female Total 
0-2 20 17 37 
3-5 29 15 44 
6-10 22 18 40 
11-15 t 0 4 
Total 75 50 125 


Taste hi 


Symptoms and Signs of 125 Cases of Aseptic Meningitis 





Symptoms or signs Number of cases 
Fever 124 
Nausea and vomiting 108 
Headache 79 
Pain of the limbs 6 
Diarrhea 6 
Cough 5 
Rash 3 
Kernig’s sign 3 
Abdominal pain 3 
Nuchal rigidity © 3 


tion of fever was short in most cases as will be seen from Table IV. 


Laboratory Findings 


Cerebrospinal fluid 
In an early stage of illness, lumbar puncture was performed. Fluid 
was clear or slightly turbid. Pressure was high in most cases. Pleocytosis 
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TaBLeE IV 
Duration of Fever in 125 Cases of Aseptic Meningitis 
Duration (days) Number of cases 
] 6 
2 47 
3 20 
4 17 
5 8 
6 9 
7 6 
8 2 
9 { 
10-11 2 
11-13 5 
14-15 2 
Total 124 
TABLE V 


Cell Counts of Cerebrospinal Fluid in 125 Cases of 
Aseptic Meningitis 








Cell count Number of cases 
Under 10/3 0 
11/3-20/3 6 
21/3-50/3 25 
51/3-100/3 ; 25 
101/3-200/3 23 
201/3-500/3 y si” 
501/3—1000/3 15 
over 1001/3 6 
Total 125 


was seen in all the cases as is given in Table V, and mononuclear cells 
predominanted. Globulin reactions were negative or slightly positive. 
Sugar levels were within normal ranges. After several days from the 
onset of disease clinical symptoms began to subside, nevertheless pleocytosis 
remained to persist for from two to four weeks. 
Blood picture 

Red cell counts and hemoglobin levels were within normal ranges. 
White cell counts were either normal or slightly increased, eosinophiles 
were either decreased or disappeared in early stage of illness. Red sedi- 
mentation rates were slightly accelerated in early stage. 
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Course 

Prognosis was good and no unfavourable sequels were seen, but in 
1955, only a case, a boy of 2 years and 5 months, died of complicated en- 
cephalitis. 

Virus study. 

Details of the virological investigation will be reported in a coming 
issue of this Journal’). In early stage of illness viruses were isolated from 
cerebrospinal fluid, blood and throat washings of the patients. In 1954, 
ten strains from four patients were isolated both by nasal instillation of 
materials to mouse and by chicken embryo inoculation. In 1955, five 
strains from threc patients were isolated only by means of inoculation of 
materials to embryonated eggs. ‘These strains were serologically identified 
as HVJ. 

In most cases hemagglutination and complement fixation titers became 
much higher in the reconvalescent of disease than in the acute (cf. Table 
VI). Non-manifest infections were demonstrated in some of the patients’ 
mothers serologically. 

TaBLe VI 
Hemagglutination Titers of Sera from Patients with 
Aseptic Meningitis 





Week of Titer of sera 

Piste disease - 

i within Ist week Ist week~ 2nd week~ 3rd week~ 
Case 1 < 80 160 1280 
Case 2 <40 160 160 — 
Case 3 1280 2560 5120 | 5120 
Case 4 160 320 640 
Case 5 < 80 160 320 — 


As has been stated above, one of our own cases was fatal. In this 
case, the viruses which were isolated on the 8th day of disease from his 
cerebrospinal fluid and blood and on the 7th day from his cerebrospinal 
fluid were identified as HVJ. 


SUMMARY AND CONCLUSIONS 


Clinical observation of 125 cases with aseptic meningitis in Aomori 
City and its neighborhood was described. From cerebrospinal fluid, blood 
and throat washings of patients, viruses were isolated, which were identi- 
fied as HVJ (Influenza D). 

Clinical features and laboratory findings of these cases were not es- 
sentially different from those of meningitic cases caused by other kinds 
of virus. 
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INTRODUCTION 


In a previous paper!) it was shown that a slow potential similar to 
the so-called dendritic potential of the cerebral cortex occurs in reponse to 
direct electric stimulation of the carp’s retina. 

Based on various experiments it was inferred that this potential 
originates in the retinal network intervening between the receptor cell layer 
and the ganglion cell layer. In the normal photoreceptive processes some 
electrical change must be induced from the receptor cell layer into the 
retinal network. Therefore, the retinal network represents a common path 
for photic and electric excitation of the retina. 

The present paper deals with the interaction between slow potentials 
caused by photic and electric stimuli. 

The conduction velocity of the potentials evoked by direct electric 
stimulation of the cortex was measured by a number of investigators,» 
and values ranging from 0.1 to 2 m./sec. were obtained. In the present 
experiment we measured the conduction velocity of the negative slow 
potential to direct electric stimulation of the retina. 


EXPERIMENTAL 
Method 


Experiments were made on carp’s retinae (Cyprinus carpio). An 
inverted retina was prepared, and a pair of stimulating electrodes 1 mm. 
apart was placed on the outer surface of the retina. A pulse of 0.5—5 msec. 
from a universal electronic stimulator was used as an electric stimulus. 
A 3M KCl-filled microelectrode was used for recording potentials. For 
studies of interaction a light stimulus 400 x 400 y in size was used in combi- 
nation of an electric pulse. 

A D.C. amplifier of special type and a cathode-ray oscilloscope were 
employed for recording responses. This amplifier was suitable for reducing 
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shock artifacts for the reasons stated in the previous paper.!) 


Results 


The effect of the background illumination 

The slow response to direct electric stimulation will be called “ re- 
sponse E ” to be distinguished from the response to light or “ response L ”’. 
The typical response E was a positive-negative potential change of 20- 
60 msec. in duration. ‘The first positive deflection could not always be 
separated from a shock artifact. When the stimulus intensity was high, 
the response mentioned above was followed by a sequence of positive- 
negative potential with much slower time-course. This response will be 
called the second response E. 

In Fig. 1 responses recorded under various background illuminations 
are illustrated, where the negativity of the recording electrodejis directed 





Fig. 1. Responses to single electric pulses under various background 
illuminations. Negativity upwards. Transmission factors of neutral tint filters 
used for reduction of intensity are given on left. Intensity for 0.7° was 200 
lux. D: Dark. Vertical bar 500 .V. Time mark 10 msec. 
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upwards. The intensity of the background illumination is indicated by 
the transmission factor of the neutral tint filter used for reducing the intensi- 
ty. The magnitude of response was maximal under a certain adaptation 
state. In this preparation the optimal intensity of background illumina- 
tion was 25-50 lux. The effect of light adaptation was not always the 
same upon the first and second responses, and the positive and negative 
deflections of one and the same response were influenced differently by 
light adaptation. It seemed that the positive deflection of the second 
response was facilitated most markedly. 

When the background illumination was switched on, it took a certain 
time for the response E to attain its steady shape and magnitude. This 
relation is illustrated in Fig. 2. The preparation was subjected to repeti- 
tive stimulation at a rate of 1.5 cps for the upper two records and at a 
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Fig. 2. Long recording of responses to electric stimulation at rate of 1.5 





cps. for upper two records and of 0.7 cps. for lower one. Period of illumina- 
tion is marked by horizontal line under each record. Intensity of general 
illumination was 200 lux for uppermost record, 25 lux for middle and lower 
records. Tracings recorded with faster sweep velocity are given on right and 
at bottom. The Ist and 2nd records from left refer to dark and illumination 


periods respectively. 


rate of 0.7 cps for the lower record. The period of illumination is marked 
by a horizontal line under each record. The intensity of background 
illumination was 200 lux for the upper most record in which each response 
was a little suppressed by illumination, because the intensity was higher 
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than the optimal intentity. For the middle record illumination was made 
with the optimal intensity so that the response increased gradually after 
onset of illumination and decreased also gradually after cessation of illumi- 
nation. ‘The time course of each response is shown on the right. As can 


the response alone was changed by illumination, the shape remaining 
unchanged. However, in some cases, the pattern of response was different 
according to the intensity of background illumination. An example is 
shown in the lower record. In this case, the first response increased in 
the initial stage of illumination and then decreased to be followed by the 
second response which was missing in the dark phase and the initial phase 
of illumination. 
Interaction between the response E and the response L 

When the inverted retina is illuminated by a small spot of light less 
than 1 mm. in diameter, a slow positive potential almost rectangular in 
shape is obtained at the site of illumination, but a potential of the op- 
posite polarity is obtained from the surrounding dark field.©”) It was 
shown by Motokawa e/¢ al. that the potential of the opposite polarity was 
induced from the illuminated area into the surrounding field. 

An example of the positive potential obtained at the site of illumi- 
nation is shown in Fig. 3. As can be seen in this figure, the response L 
consists of a positive deflection during illumination and a negative overswing 
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Fig. 3. Responses E superimposed on response L in its various phases. 
Left: Positive-going response L at site of illumination. Right: Negative- 
going response L in dark field within annular light stimulus. Vertical bar 
500 nV. Time mark 100 msec. Experimental arrangements are shown in 
Insets. 


be seen in these records taken at a faster sweep velocity, the magnitude of 
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at cessation of illumination. An electric stimulus was given in various 
phases of the response L, and responses E obtained in respective phases 
were compared with one another, where a response taken before illumina- 
tion served as a control. The response E recorded at the positive peak 
of the response L was decidedly smaller than the control. On the contrary, 
the response E obtained at the negative-going rebound of the response L 
was greater than the control. 

It is an easy matter to obtain a marked negative response L in the 
dark field inside an annular stimulus. An example is shown on the right. 
When the response E was superimposed upon the negative deflection of 
the response L recorded within the annulus, it was found to be much 
greater than the control. It may be summarized that the response E is 
facilitated and inhibited by the negative and positive potentials caused by 
photic stimulation respectively. 

If it were merely an electrotonic effect, it would be expected that the 
response E is facilitated by catelectrotonus and inhibited by anelectrotonus. 
Granit®) e¢ al. reported that the ERG was increased by cathodal polariza- 
tion with a cathode placed at the inner surface of the retina, but reduced 
by anodal polarization. 

In the following experiment the inverted retina was subjected to 
electric polarization, where a Ringer-agar-AgAgCl electrode placed at some 
distance from the stimulating electrodes and the recording one was used 
against the diffuse electrode beneath the preparation. ‘The intensity of 
current was such that it gave rise to a potential change comparable with 
the response L at the recording electrode. The results obtained are 
shown in Fig. 4. As can be seen in this figure, the electrotonus, cathodal 
or anodal, had no effect whatsoever upon the response E. This fact indi- 
cates that the potential itself at the recording electrode is not a determining 
factor for the effects observed above. ‘The same conclusion may be derived 
from the following experiment: When a long-lasting illumination was 
carried out, the illuminated locus showed sustained positivity. When a 
response E was superimposed upon the sustained positive potential caused 
by illumination, it was reduced in the initial phase of sustained positivity, 
but scarcely reduced at the later stage, although the positive potential 
continued. 

The inhibition of the response E was most marked when the recording 
electrode was placed at the illuminated locus. This relation can be seen 
from the experiment shown in Fig. 5. In this experiment a spot of light 
was moved step by step, the stimulating and recording electrodes being 
fixed, and for each position of the light spot a response E was recorded. 
When the stimulating cathode was illuminated, no change could be ob- 
served in the magnitude of response E compared with the control taken in 
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Fig. 4. Experiments showing that there is no effect of electrotonus upon 
response E. 

Fig. 5. Different effects of light stimulus upon response E according to 
its relative position to recording electrode. Arrangements of stimulating and 
recording electrodes are shown in insets, Distance between recording electrode 
and stimulating cathode was 0.6mm. _ Light stimulus was 400 = 400 wu in size. 


Time mark 100 msec. 


the dark (see experiment shown at left top). This experiment indicates 
that excitability at the cathode was not changed by illumination. When 
the spot of light reached the recording electrode (left bottom), the response 
E was suppressed almost completely. Such an inhibitory effect declined 
and disappeared on moving the light spot farther away from the recording 
electrode (see the right column of Fig. 5). Thus it has been elucidated 
that the interaction between responses E and L is a highly localized effect. 
The propagation of the response E 

The dendritic potential of the cerebral cortex is said to propagate 
tangentially to the cortex on the basis of the experimental fact that 
the peak-latency of the dendritic potential is prolonged as the distance 
between the stimulating and recording electrodes becomes greater.?) It 
is without saying that the amplitude of the dendritic potential decreases 
with conduction distance. 
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The same is true of our response E, at least of the first response which 
showed a more delayed peak as it was recorded farther away from the 
stimulating cathode. With the second response it was found sometimes 
that the apparent latency of the negative peak was shortened when the 
recording electrode was moved away from the stimulating cathode. It 
was also observed that the second response split into multiple re- 
sponses beyond a certain distance. From these findings it is possible that 
the second response is composed of a few components with different conduc- 
tion velocities so that it is impossible to determine the conduction velocity 
of the second response as a whole. For this reason the conduction velocity 
of the first response alone was measured. 

In Fig. 6 the effect of a mechanical cut upon the spread of the re- 
sponse E is illustrated. ‘The upper record a was obtained at a point a 


b 
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Fig. 6. Effects of mechanical cut upon response E recorded on the side 
of stimulating electrode and upon response E recorded on the other side of cut. 
Upper records a and 6 were obtained at points a and b before making cut. Cut 


was made at c, and then lower records were taken at a and b. 


nearer to the stimulating electrode, and the other was obtained at a point 
b farther away from the stimulating electrode. After a mechanical cut 
was made with a blade of razor between the points a and 4, the response 
E at point 5 disappeared completely, while that at point a remained. It 
is evident that the spread of the response E was prevented by the mechanical 
cut. 


In Fig. 7 the relation between the peak-latency of the first negative 
response and the distance from the stimulating cathode is illustrated. As 
can be seen in this figure, the relation is linear, and from this relation can 
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Fig. 7. Relation between distances from stimulating cathode to recording 





electrode and peak-latencies of responses E. In inset are shown records taken 
at respective positions of recording electrode. First upper deflection is shock 
artifact. 
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Fig. 8. Conduction of response E. In each record two negative-directed 
deflections are seen. They are Ist and 2nd responses. Linear relation was 
obtained for Ist response. 


be obtained a conduction velocity of about 125 mm./sec. Another example 
is shown in Fig. 8 in which the peak-latency of the first negative deflection 
increased linearly with increasing conduction distance, although the peak- 











Potentials of Retina Evoked by Photic and Electric Stimuli 5 


latency of the second negative deflection shortened. The conduction 
velocity of the first response calculated from this relation was 170 mm../sec. 
From other similar experiments values of conduction velocity such as 
120, 175, 120, 140, 115 and 67 mm./sec. were obtained, the average of 
8 cases being 115 mm./sec. 

As has been mentioned above, a negative response L is induced from 
the illuminated part into the surrounding area. Motokawa e¢t al.”) mea- 
sured the velocity of spread of this response L and obtained a value of 
112 mm./sec. on an average. Both values concerning the lateral spread 
of the responses E and L agree so closely that we are inclined to assume 
some nervous structure common to both phenomena. It is also common 
to both responses that they may be recorded most easily in the retinal 
network. 


DIscussION 


In our previous paper!) it was concluded that the retinal network is 
the origin of the response E. The propagation of the response E investi- 
gated above has provided further evidence for this notion, because no 
lateral connection is known in the receptor cell layer and the ganglion 
cell layer.® 

As has been shown above, the response E is abolished by local illumi- 
nation, provided that it is sufficiently strong. When the illumination is 
weak or moderate, the responce E is enhanced. Enhancement of the 
response E takes place irrespective of the intensity of illumination in the 
surrounding field of an illuminated area. It may be considered that the 
site of such interaction is the retinal network. When the receptor cells 
are excited, some chemical mediator will be liberated at synapses between 
the receptor cells and some other nerve cells such as bipolar cells. Thus 
neurons in the retinal network are activated by the chemical mediator or 
mediators. The modifications of the response E by illumination may be 
ascribed to direct or indirect action of the chemical transmitter released 
by illumination. The electrical activity caused by such a mediator may 
not be the direct cause for the interaction observed, because the latter 
cannot be imitated by electrotonus. 

Although the mechanism of the ERG is not yet clarified, it may be 
said that a slow potential caused by some chemical mediator will make 
an important contribution to the ERG. This slow potential, just as the 
end-plate potential, will not be caused by direct electrical stimulation. 
This must be the reason why we have never succeeded in obtaining any 
potential variation comparable to a ERG by electrical stimulation, what- 
ever the form, duration, intensity, etc. of the electric stimulus might be. 
We attempted also to modify the response L by repetitive electrical stimu- 
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lation, but could obtain no appreciable effect, as is shown in Fig. 9. Thus 
it has been elucidated that the light stimulus can modify the response E, 
whereas the electric one can hardly modify the response L. From these 
observations it may be concluded that the junctional potential between 
the receptor cells and other neurons does not participate in the response 
E, while it does in the response L. 





Fig. 9. Effect of repetitive electric stimulation upon response L. Upper 
record shows response L without electric stimulation, and lower one shows 
response L subjected to repetitive electric stimulation. 


As shown in our previous work,!) no appreciable phase shift occurred 
when a microelectrode for recording the response E was advanced step 
by step from the receptor side towards the ganglion cell layer. This fact 
may be so interpreted that the conduction in the main visual pathway from 
the receptor cells to the bipolar cells and further to the ganglion cells has 
little to do with the response E. On the contrary, the response has much 
to do with the lateral conduction. A remarkable phase shift can be ob- 
served among records of responses E taken at different lateral distances 
from the stimulating electrodes, as has been demonstrated above. There- 
fore, the seat for the response E must be a nervous structure mediating 
lateral connection such as horizontal cells. The same structure must be 
responsible for the negative response L induced from the illuminated area 
into its surrounding field, because the conduction velocities of both re- 
sponses coincide closely with each other. 


SUMMARY 


Responses of inverted carp’s retinae to direct electric stimulation were 
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investigated with special reference to the effects of photic stimuli. 

1. The response to an electric pulse (response E) increased in ampli- 
tude under background illumination of an optimal intensity, and was 
suppressed by strong illumination. 

2. Interaction between response E and response to light (response 
L) was investigated. The response E was suppressed when superimposed 
on a positive-going response L at the site of illumination, but facilitated 
when superimposed on a negative-going response L recorded in the sur- 
rounding field of an illuminated locus. 

3. Electrotonus giving rise to a potential variation of the same order 
as the response L did not cause any appreciable effect upon the response E. 

4. When a mechanical cut was made between the stimulating elec- 
trode and the recording one, no response E was obtained beyond the cut. 

5. As the distance between the stimulating and recording electrodes 
increased, the magnitude of response E decreased, and the peak-latency 
was prolonged. The relation between conduction distances and_peak- 
latencies was linear. The conduction velocity obtained from this relation 
was 115 mm./sec. on an average. This value coincided with the con- 
duction velocity of the negative-going response L in the surrounding field. 
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Several informations! concerning the response of irradiated animals 
to anesthetic agents have been available, indicating that the action of 
certain anesthetic agents can be modified by x-ray irradiation. However, 
no reference is found to the problem whether the action of muscle relaxants 
may be affected by x-ray irradiation. Because of the extensive utilization 
of x-ray and radio-isotope therapy as well as the widespread application 
of muscle relaxants in anesthesia, it seems not only interesting but also 
significant to investigate the effect of x-ray irradiation on the action of 
muscle relaxants. The results of experimental study from this point of 
view were presented in this paper. 


METHODS 


Adult rabbits weighing 2—3 kg. were used for this experiment. After 
anesthesia was induced with intramuscular nembutal (25-30 mg./kg. of 
body weight), the animals were fixed in a supine position. witches of 
the tibial muscle evoked by the supramaximal electric stimulus were 
recorded on a smoked paper drum. The electric stimulus was applied at 
5 second interval on the innervating nerve. The muscle relaxants tested 
were succinylcholine chloride (S.C.C.), d-tubocurarine chloride (dTc) and 
gallamine triethiodide (flaxedil), which were administered intravenously. 
The action of these muscle relaxants was recorded previously as a control, 
then the animals were irradiated with Shimazu X-Ray Therapy Machine 
at 180 KVP and 15 ma (0.5mm. aluminum and 0.5 mm. copper filter) 
under the following factors. Within 60 minutes after irradiation the second 
doses of the muscle relaxants were administered. Enough periods of time 
(60 minutes in S.C.C.; 2 hours in flaxedil and 6 hours in dTc) were elapsed 
between each administration of the relaxants to avoid a cumulative effect 
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Tantei 


Factors of Irradiation in Rabbits 





Irradiated Skin-focus Irradiated Dose rate 
regions distance area per min. 
Head 30 cm. Cicle (3 cm. radius) 60r 
Whole body 50 cm. 22 
Liver 30 cm. 66cm. 60 r 
Limb 30 cm. 66cm. 60r 


or tachyphylaxis due to subsequent doses. Experiments were repeated in 
3 animals in each series. 


RESULTS 
1. Swccinylcholine chloride (S.C.C.) 

Irradiation of 500 r on the whole body resulted in a definite potentia- 
tion and prolongation of the action of S.C.C. (Fig. 1). Irradiation of 
250 r still exerted a similar effect, but far less in its degree (Fig. 2). In 
order to ascertain whether it is due to a local or a general effect of irradia- 
tion, the limb used for the experiment was irradiated, when no significant 





Fig. 1. Effect of whole body irradiation on S.C.C. 


Rabbit 2.3 kg. S.C.C. 0.14 mg. 
A: Control B: after 500r irradiation 
Fig. 2. Effect of whole body irradiation on S.C.C. 
Rabbit 2.1 kg. S.C.C. 0.12 mg. 
A: Control B: after 250r irradiation 


changes were observed in the action of S.C.C. even after irradiation of 1000r 
(Fig. 3), indicating that a direct effect of irradiation on the limb may not be 
responsible. Irradiation of 1000 r on the head resulted in a slight potentia- 
tion (Fig. 4). The liver can be expected to be influenced by x-ray ir- 
radiation, therefore the effect of liver irradiation on the action of S.C.C. 
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Fig. 3 Fig. 4 
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Fig. 3. Effect of limb irradiation on S.C.C. 





Rabbit 2.3 kg. S.C.C. 0.12 mg. 

A: Control B: after 1000 r irradiation 
Fig. 4. Effect of head irradiation on S.C.C. 

Rabbit 2.5 kg. S.C.C. 0.16 mg. 

A: Control B: after 1000 r irradiation 


was studied. As shown in Fig. 5, the action of S.C.C. was more remarkably 
potentiated than by whole body irradiation. Such a tendency was seen 
even after 50 r, but negligible after 25 r irradiation. When the animals 
were protected from x-ray just by covering the region of the liver with 
a lead plate, even 1000 r irradiation on the whole body exerted almost no 
effect (Fig. 6). These results suggest that the influence due to liver irradia- 
tion may play a great role for the potentiated action of S.C.C. after ir- 
radiation. 
2. D-tubocurarine chloride (dTc) and Gallamine triethiodide ( flaxedil) 
Irradiation of 500-1000 r on the whole body or on the liver result 
in a slight decrease in the action of dTc (Fig. 7 and 8), just contrary to 
S.C.C. Almost no effect was observed on the action of flaxedil after 
irradiation of 1000 r on the whole body (Fig. 9). 


Discussion 


A few informations!) have been available concerning the effect of 
x-ray irradiation upon the susceptibility of general anesthetic agents, but 
no reference is found so far to the problem whether the action of muscle 
relaxants may be influenced by x-ray irradiation. Burdick (1953)! ob- 
served that ether, ethylene, cyclopropane and thiopental increased mortali- 
ty of rats when anesthesia was given 1-3 hours after irradiation, while 
nitrous oxide possibly afforded some degree of protection. Wilson (1955)*) 
failed to reveal any significant changes in the 30 day mortality of rats 
for these anesthetic agents when anesthesia was given 7 days after irradia- 
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Fig. 





A: Rabbit 2.3 ke. 
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5. Effect of liver irradiation on S.C.C. 
S.C.C. 0.14 mg. 


A 1: Control A2: after 500r irradiation 
B: Rabbit 2.5 kg. S.C.C. 0.16 mg. 

B 1: Control B2: after 100r irradiation 
C: Rabbit 2.6 kg. S.C.C. 0.16 mg. 

C1: Control C2: after 50r irradiation 


D: Rabbit 2.2 kg. 
D 1: Control 


S.C.C. 0.12 mg. 
D2: after 25r irradiation 





6. Effect of whole body irradiation on S.C.C. with liver protection 
Rabbit 2.5 kg. S.C.C. 0.16 mg. 
A: Control B: after 1000 r irradiation 
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Fig. 7. Effect of whole body irradiation on dTc 
Rabbit 2.8 kg. dTc 0.14 mg. 
A: Control B: after 1000 r irradiation 





Fig. 8. Effect of liver’ irradiation on dTc 


Rabbit 2.5 kg. dTc 0.12 mg. 

A: Control B: after 500 r irradiation 
Fig. 9. Effect of whole body irradiation on flaxedil 

Rabbit 3.0 kg. Flaxedil 0.6 mg. 

A: Control B: after 1000 r irradiation 


tion, but in cyclopropane a lowered tolerance was observed by a significant 
increase in the number of anesthetic deaths. Foster (1956)*) reported a 
case, in which excessive respiratory depression with cyclopropane followed 
radiotherapy for a growth in the floor of the mouth and he suggested a 
possibility that irradiation around the head in appropriate dose may in- 
crease the permeability of intracranial vessels, thereby allowing entry to 
certain drugs (e.g. relaxants) that are usually excluded by blood brain 
barrier. All of them left untouched on muscle relaxants. Our experi- 
mental results revealed that the action of muscle relaxants was definitely 
influenced by x-ray irradiation. In rabbits the action of S.C.C. was 
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potentiated and prolonged when it was given even within 1 hour after 
irradiation on the whole body as well as on the liver. Such a tendency 
was observed more remarkably and in far smaller x-ray doses in case of 
liver irradiation. Covering the liver with a lead plate could minimize 
the effect. Irradiation on the limb concerned resulted in almost no effect, 
while irradiation on the head only in a slight potentiation. These facts 
suggest that the liver may play a great role, but a direct effect of irradiation 
on the local muscles or on the end-plate or a central effect due to head 
irradiation may be little responsible for this phenomenon. The action of 
dTc was rather antagonized after irradiation, while that of flaxedil was 
almost unaffected. In view of the mode of action of muscle relaxants a 
potentiating effect on $.C.C. can be possibly expected to exert an antago- 
nizing effect on dTc. 

The mechanism of the effect of x-ray irradiation on muscle relaxants 
is beyond the scope of this study, but as mentioned above a direct effect 
of irradiation on the end-plate or a central effect on the nervous system 
could be reasonably denied. There may be a possibility that x-ray irradia- 
tion causes biochemical changes, particularly in cholinesterase and elec- 
trolytes. Gomi (1955)*) reported an inhibitory effect of x-ray irradiation 
on cholinesterase. In a series of deep x-ray therapy (4000-6000 r) of 
human uterine and breast cancer the activity of serum cholinesterase 
decreased, but that of red cell cholinesterase was unaffected. In rabbits 
both of serum and red cell cholinesterase decreased within 1-3 hours 
after maximal irradiation (500-1000 r). With whole body irradiation red 
cell cholinesterase was more remarkably depressed than serum cholin- 
esterase, but when irradiated on the liver, the depression of serum cholin- 
esterase was more pronounced. In his results a small dose of irradiation 
(100 r) on the liver rather increased the activity of serum cholinesterase. 
In rabbits both of serum and red cell cholinesterase are known to be 
specific in nature, therefore it is questionable whether the depressed activity 
of cholinesterase due to x-ray irradiation may result in a delayed decomposi- 
tion of S.C.C., consequently in a potentiation and prolongation of its 
action. Kurisu (1956)® reported a decrease in serum potassium and an 
increase in serum calcium after irradiation in rabbits. Potassium deficiency 
is known to potentiate’ the action of dTc and calcium to antagonize both of 
S.C.C. and dTc. Therefore it seems difficult to explain our experimental 
results from the changes in electrolytes after irradiation. A review of 
the literatures is not enough to offer a satisfactory explanation for this 
experimental observation, the mechanism of which is further to be studied. 


SUMMARY 


The effect of x-ray irradiation on the action of muscle relaxants was 
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studied in rabbits. ‘The muscle relaxants used were succinylcholine chloride 
(S.C.C.), d-tubocurarine chloride (dTc) and gallamine triethiodie (flaxe- 
dil). The results obtained were briefly summarized as follows : 

1. The action of S.C.C. was potentiated and prolonged after x-ray 
irradiation on the whole body as well as on the liver. The effect was 
more pronounced after liver irradiation. The effect of liver irradiation 
was minimized by protecting the liver from x-ray. 

2. The action of S.C.C. was slightly potentiated after x-ray irradia- 
tion on the head, but it was almost unaffected even after maximal irradia- 
tion on the limb concerned. 

3. The action of dTc was rather antagonized after irradiation on 
the whole body or on the liver, whereas that of flaxedil was little affected. 

4. A review of the literatures does not offer a satisfactory explanation 
for this experimental observation, but at least it can be said that instead 
of its direct effect on the end-plate, the effect of irradiation on the liver 
may play a great role in this phenomenon. 
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The cardiovascular changes, infectious diseases and tuberculosis in the 
patients with diabetes mellitus have been regarded as the most important 
complications which lead to the death in many cases. The infectious 
diseases and tuberculosis, however, have been remarkably decreased since 
the advent of chemotherapy. Furthermore with general prolongation of 
lives, much attention has become to be focused on the cardiovascular 
changes as the most important complications in patients with diabetes 
mellitus. Although the etiology of this complication is still unknown 
and under the investigations.by many researchers, a majority of diabetic 
patients die from associated cardiovascular diseases, and it is believed 
that presence of this complications may foretell the fates of these patients. 

This paper concerns a statistical study on albuminuria, hypertension, 
diabetic retinopathy and ECG abnormalities as the cardiovascular com- 
plications in the patients with diabetes mellitus. 


Materials and Methods 


The subjects consist of 172 diabetic patients who were admitted to 
our Clinic from 1955 through 1957. Of them 116 (67.4%) were male 
and 56 (32.6%) female; 93 patients were classified as type I and 79 type 
II (Fig. 1 (a), (b)). 

These “‘ types” of diabetes mellitus are clinical classification used in 
our Clinic. ‘Type I indicates the mild diabetic case which can be con- 
troled by only the diet, and type II indicates the severe diabetic cases 
which requires insulin besides diabetic diet. 

The age distribution is shown in Fig. 1 (c); 87 per cent of all diabetic 
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Fig. 1. Material. 


patients were in the 5th to 7th decades, especially in the 6th decade. 

Test by sulfosalicylic acid and quantitative examination of Esbach’s 
or Sueyoshi’s method were used to determine albuminuria. 

Examination for diabetic retinopathy was performed by ophthal- 
mologists at Tohoku University Hospital. 

Hypertension was considered to be present when systolic blood pres- 
sure was over 150 mm. Hg. and diastolic over 90 mm. Hg. 

Kimmelstiel-Wilson syndrome was described for the first time by 
Kimmelstiel and Wilson” in 1936, and has been thought to have glyco- 
suria, edema, albuminuria, hypertension and retinopathy as clinical 
manifestations and intercapillary glomerulosclerosis in the histologic ex- 
amination of kidney. Kimmelstiel-Wilson syndrome, however, in_ this 
paper was considered to be clinically present when albuminuria, diabetic 
retinopathy and hypertension were present besides diabetes mellitus. 


RESULTS 


A, Albuminuria 
The incidence of albuminuria was 16 per cent (7 cases) of total diabe- 
tic patients admitted in 1955, 35 per cent (21 cases) in 1956 and 35 per 


cent (23 cases) in 1957 respectively, and was 30.4 per cent (51 cases) of 


total 168 diabetic patients in these 3 years (Fig. 2). Furthermore this 
incidence in 3 years was 17.9 per cent (30 cases), when the cases with a 
faint albuminuria were excluded. 

Distribution by sex was shown in Table I. Albuminuria was equally 
frequent in fernales and males. Albuminuria was present in 34.2 per 
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Fig. 2. Incidence of Albuminuria in Diabetics in the recent 3 years. 


Numbers in the colums indicate the cases of albuminuria. 
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Incidence of Albuminuria: Distribution by Sex 





MALE 
Year Total No. of i 
No. Albuminuria ” 
1955 26 3 1.5 
1956 43 15 34.5 
1957 43 16 37.2 
Total 112 34 30.4 


TABLE II 


FEMALE 
Total No. of " 
No. Albuminuria 54 
17 4 23.5 
17 6 35.3 
22 7 31.8 
6 17 30.4 


Incidence of Albuminuria: Distribution by Type of Diabetes 





Type I 
Year Total No. of r= 
No. Albuminuria - 
1955 24 2 8.3 
1956 30 9 30.0 
1957 38 14 36.8 
Total 92 25 26.1 


cent in type II and 26.1] per cent in type I. 


TYPE II 
Total No. of “ie 
No. Albuminuria 
19 5 26.3 
30 12 40.0 
27 9 33.3 
76 26 34.2 


Albuminuria thus was more 


frequent in type II than in type I (Table IT). 
Age distribution in albuminuria was shown in Fig. 3 (a). The inci- 
dence in patients over 50 years old was higher than in people under 50, 


and the occurrence of albuminuria in the 6th, 7th and 8th decade was 
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32, 44 and 67 per cent, respectively. The frequency of albuminuria does | 
not appear to be parallel to the increase of age. 

130 cases among total 168 cases were adequately described to survey 
the correlation between the occurrence of albuminuria and duration of 
diabetes. Results were shown in Fig. 4 (a). It seems that the frequency 
of albuminuria increases with the prolongation of duration of diabetes. 
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Decade. 
Numbers in the colums or in the parentheses indicate total diabetic cases 


in each decade. 


B. Diabetic Retinopathy 

The frequency of diabetic retinopathy was 39 (27.1%) in total 144 
diabetic patients in 3 years, and the incidence in each year was 18.6 per 
cent (8 cases) of total diabetics in 1955, 26.5 per cent (13 cases) in 1956 
and 34.6 per cent (18 cases) in 1957, respectively (Fig. 5). 

Sex distribution was shown in Table III. Incidence in male was 
24.7 per cent and in female 31.9 per cent, but there was no significant 
statistical difference among the frequency of both sexes. 

Correlation between the diabetic type and retinopathy was shown in 
Table IV. The frequency of retinopathy in type II was 40.3 per cent 
and in type I was 19.4 per cent. Retinopathy was far more frequent 
in type II which were severe in diabetes than type I. 

The age distribution was in Fig. 3 (b). The occurrence of retino- 
pathy over 50 years old was 30 to 50 per cent of total patients over the same 
age, but it generally occurred to be independent of patient’s age. 

The correlation between the duration of diabetes and retinopathy 











eS r 








Ve 

<7 
1~49 
10~ 
20¢ 






Yr. 

<7 
1~q 
10~] 


20¢ 57.1 





Yr. 








Inq 
10~ 
20< 


46.5 


of diabetes mellitus 


ion oO 


Cardiovascular Complications in Diabetics 


(a) Albuminuria 
o 


7o) 


/00 


(4) Diabetic Retinopathy 
%) 


(c) Hypertension 
(%) 


5.7 


</ [F716 (d) Kimmelstiel-Wilson 


Durat 

™ 

> 

a 
— 
(oF) 

~ 
~™ 
> 


10~19 g Be me 
20< Xd mete # 














10~ 
20¢ 


Syndrome 


(%) 


</ (e) E.CG. abnormalities 
% 


50.0 


Fig. 4. Incidence of Various Cardiovascular Complications in each 


Duration of Diabetes Mellitus. 


Numbers in the columns indicate total diabetics in each period. 


% 





























> 4O0F 
Ss 
g 34.6 
Q 
S 
5 30-4 
~ 26.5 27.1 
f& 
> 
a 20F 18.6 18 
© Bae (52) 39 
3 49, 144 
% ol Is (144) 
X 
b (43) 

or 

1955 1956 1957 Total 


Year 


Fig. 5. Incidence of Diabetic Retinopathy in Diabetics in the recent 3 


years. 


Numbers in columns indicate the cases of diabetic retinopathy, and in the 


parentheses indicate total diabetics in each year. 











92 





T. Saito et al. 


TABLE 


III 


Incidence of Diabetic Retinopathy: Distribution by Sex 

















MALE FEMALE 
Year Total No. of i Total No. of “ 
No. Retinopathy ~ No. Retinopathy sis 
1955 27 4 14.8 16 4 25.0 
1956 34 9 26.5 15 4 26.7 
1957 36 1] 30.1 16 7 43.8 
Total 97 24 24.7 47 15 31.9 
TaBLe IV 
Incidence of Diabetic Retinopathy: Distribution by 
Type of Diabetes 
TYPE I TYPE II 
Year Total No. of Ps Total No. of Py, 
No. Retinopathy ° No. Retinopathy . 
1955 24 4 16.7 19 4 21.1 
1956 22 2 I 27 11 40.7 
1957 26 8 30.8 26 10 38.5 
Total 72 14 19.4 62 25 40.3 


was shown in Fig. 4 (b). The incidence of diabetic retinopathy tends to 
be parallel to the increase of the duration of diabetes mellitus. The 
incidence in 108 patients within the duration of 10 years was 25.9 per 
cent (28 cases), and in 15 patients over 10 years was 53.3 per cent (8 
cases). 
C. Hypertension 
As it is shown in Fig. 6, the occurrence of hypertension was 62 (38.2%) 
of total 162 patients. 
The incidence of hypertension in total 112 males was 38.4 per cent 
and in total 50 females was 38.0 per cent (Table V). 
Hypertension was more frequent in type I which were mild in diabetes 
than type II (Table VI). 
The age distribution was shown in Fig. 3 (c). It was found that the 
frequency of hypertension increased with patient’s age. 
It seems, however, that the frequency of hypertension does not in- 
crease with the prolongation of the duration of diabetes (Fig. 4 (c)). 
D. Kimmelstiel-Wilson Syndrome 
As above mentioned, Kimmelstiel-Wilson syndrome in this paper was 
defined to be present when albuminuria, diabetic retinopathy and hyper- 
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Fig. 6. Incidence of Hypertension in Diabetics in the recent 3 years. 
Numbers in columns indicate the cases of hypertension, and in the paren- 
theses indicate total diabetics in each year. 


TASLE V 


Incidence of Hypertension: Distribution by Sex 








MALE FEMALE 
Year Total No. of ‘ Total No. of m 
No. Hypertension 6 No. Hypertension . 
1955 27 7 25.9 17 7 41.2 
1956 40 14 35.0 15 6 40.0 
1957 45 22 48.9 18 6 35.3 
Total 112 43 38.4 50 19 38.0 


TABLE VI 


Incidence of Hypertension: Distribution by Type of Diabetes 





TYPE I TYPE II 
Year Total No. of n Total No. of " 
No. Hypertension ” No. Hypertension . 
1955 24 8 eo I 20 6 30.0 
1956 27 12 44.4 28 8 28.6 
1957 35 18 51.4 28 10 33.7 
Total 86 38 44.2 76 24 31.6 


tension were clinically manifest simultaneously in diabetic patients. 
140 of total 172 cases were adequately described to survey the above 
3 complications. The incidence of Kimmelstiel-Wilson syndrome was 
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Fig. 7. Incidence of Kimmelstiel-Wilson Syndrome in the recent 3 years. 
Numbers in columns indicate the cases of Kimmelstiel-Wilson syndrome, 


and in the parentheses indicate total diabetics in each year. 


shown in Fig. 7. The incidence in 1955 was 2.3 per cent, in 1956 was 
10.9 per cent and in 1957 was 13.7 per cent, and in total 140 patients 
for 3 years was 9.3 per cent (13 cases). 

The frequency in male diabetics was 9.5 per cent and in females was 
8.9 per cent (Table VII), and in type I of diabetes was 8.5 per cent and 
in type II was 10.1 per cent (Table VIII). But there was no significant 


TABLE VII 


Incidence of Kimmelstiel-Wilson (K.-W.) Syndrome: Distribution by Sex 








MALE FEMALE 
Year Total No. of - Total No. of a 
No. K.-W. syndrome ’ No. K.-W. Syndrome ” 
1955 27 0 16 l 6.3 
1956 33 + 12.1 13 1 Fe 
1957 35 5 14.3 16 2 12.5 
Total 95 9 9.5 45 4 8.9 
TaBLe VIII 
Incidence of Kimmelstiel-Wilson (K.-W.) Syndrome: 
Distribution by Type of Diabetes 
TYPE I TYPE II 
Year Total No. of i Total No. of “ 
No. K.-W. syndrome . No. K.-W. syndrome si 
1955 24 0 19 1 | 
1956 22 2 9.1 24 3 12.5 
1957 25 4 16.0 26 3 11.5 


Total 71 6 8.5 69 7 10.1 
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statistical difference between both sexes, and both types, too. 

Age distribution was shown in Fig. 3 (d). All patients with Kim- 
melstiel-Wilson syndrome were over 50 years old, and the incidence be- 
came higher with the increase of age. Furthermore it was observed that 
the frequency of Kimmelstiel-Wilson syndrome increased with the pro- 
longation of the duration of diabetes (Fig. 4 (d)). The incidence in 7 
patients who had diabetes more than 20 years was highly 57 per cent 
(4 cases). 

E. ECG abnormalities 

Incidence of ECG abnormalities was 38.5 per cent of 78 diabetics 
in 1956 to 1957 (Table IX). The items of ECG abnormalities were shown 
in Table X. The most common abnormalities were ST depression and 








TABLE IX 
Incidence of ECG Abnormalities 
Total ECG normal ECG abnormal 
78 48 30 
(%) 61.5 (38.5 
TABLE X 
The Items of ECG Abnormalities 
Total Abnorm. of P-R -_B.BB Premat. Auricul. Myocard. 
diabetics | ee prolong. ts systoles fibrill. infract. 
78 19 6 ] 5 2 3 
(%) (24.49) (7.7%) (1.3% 6.4% (2.6% (3.8%) 


T wave changes, which appeared in 24.4 per cent of total 78 cases, and 
the next was P-R prolongation in 7.7 per cent, and premature systoles in 
6.4 per cent, and myocardial infarction in 3.8 per cent, respectively ; and 
auricular fibrillation was seen in 2 cases, complete right bundle branch 
block in only 1 of total 78 cases. 

The frequency in male diabetics was 41.8 per cent and in females 
was 30.4 per cent, and in type I of diabetes was 42.5 per cent and in type 
II was 34.2 per cent. There was no significant difference between both 
sexes, and between both types also (Table XI). 

Age distribution was shown in Fig. 3 (e). Frequency of ECG ab- 
normalities in the 7th decade of diabetes was the highest 62.5 per cent 
(15 cases) of the total 24 cases, and in the 6th decade was only 20 per 
cent of the total 30 cases. 

The possible correlation between the duration of diabetes and ECG 
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TABLE XI 


Incidence of ECG Abnormalities: Distribution by 
Sex and Type of Diabetes 











Type of TYPE I TYPE. TI Total of Sexes 
Diabetes Total No. of Total No. of Total No. of 
Sex | No. ECGabnorm. No. ECG abnorm. No. ECG abnorm. 
MALE 27 1] 28 12 55 23 
(%) (41.8%) 
FEMALE 13 6 10 I 23 f 
(%) (30.4%) 
Total of Types 40 17 38 13 
(%) (42.5%) (34.2%) 


abnormalities was shown in Fig. 4 (e). It seems that the frequency of 
ECG abnormalities tends to increase with the prolongation of duration 
of diabetes. 

ECG abnormalities in diabetic patients with complications of albu- 
minuria, diabetic retinopathy or hypertension were present in 52.1 per 
cent (25 cases) of total 48 cases, while in patients without the above com- 
plications were present in only 16.7 per cent (5 cases) of the total 30 cases 


(Table XII). 
Taste Xii 


Incidence of ECG Abnormalities in Diabetics With 
or Without Complications 








Groups of patients with Complication 2 s 
— os 
~ ” . |22 | 
} a > i» 5.8 6S Pe | g & 
= S & <= = 5 om he <= 2 | 
6 2 & Beh evi iv ezee 5 4 oe 
= oo &2 OBA9LS-sUl-syaaZE Total = 
ee = ~~) SCS&Sn SEED EES s— 6 as | 
= s = SEee@oBaeogusBa@ee &= & lso. 
a. = sss &s= a2 3 §ss | oee2 
> = D > >2 >a © «= = | &=m oO | 
eo < 2 42 het ht aM FS (‘oss | 
Number of cases 7 8 6 9 $ 10 | 48 30 78 
Number of cases | 
with : ¥ + ] + 5 ] 7 | 2 5 30 


abnorm. ECG 


(per cent) —|(42.9) (50.0) | (20.0) | (66.7) | (55.6) (33.3) | (70.0) | (52.1%) 16.796) (38.5%) 


F. The tendency in the incidence of vascular changes in diabetics in recent 
3 years 

The vascular changes in this chapter were considered to be present 

when albuminuria, diabetic retinopathy or hypertension was clinically 
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manifest as complications of diabetes mellites. 

As it was shown in Fig. 8, the occurrence of vascular complications 
in the diabetics became higher and higher in the recent 3 years, and it 
was observed in last 2 years that more than a half of diabetics who were 
admitted in our Clinic had at least one of the vascular complications. 


Yr. 


19553 27 56.8% | 37 cases 
193\YY Zz, 05.0%. tj 36.0% |s0 cases 
199'\YYy 258.5 Yo Z tj), 41.5 %e | 65 cases 


WA With cardiovascular [| without cardiovascular 
ZY : 


complication complication 




















Fig. 8. Incidence of Cardiovascular Complications in the recent 3 years 


in our Clinic. 


DISCUSSION 


A series of studies on diabetes mellitus in our Clinic have been pub- 
lished. Kaito et al.?) reported in 1952 that the incidence of albuminuria 
was 16.2 per cent among the diabetics who visited the Clinic from 1936 
to 1949, and Saito ef al.*) reported in 1956 that it was 20 per cent of the 
diabetics who were admitted to the Clinic from 1950 to 1954. 

Frequency of albuminuria in present study is ranked between the 
above two. Other literatures in Japan also showed the similar results. 

Saito») also reported that the diabetic retinopathy was present in 
23.6 per cent of diabetics in his study in 1956. 

The hypertension among the diabetics, Nakayama®* stated, appeared 
in 58 per cent, against 32 per cent among the nondiabetics. Goldenberg 
et al.®) reported that the hypertension among diabetics was twice as frequent 
as among the nondiabetics. On the other hand, Donhoffer and Szab6® 
studied 420 diabetic patients and found no significant difference in the 
frequency of hypertension between diabetics and nondiabetics. Edeiken,”) 
from the observation of 100 diabetics for 10 or more years, stated that the 
incidence of hypertension apparently was not dependent upon duration, 
control or severity of the diabetes. Besides, it is considered generally 
the hypertension is more often found in the benign or extrainsular diabetes. 
Furthermore, many investigators have pointed out the fact that the dia- 
betes and the elevation of the blood pressure as parallel symptoms often 
occurred on the basis of the disturbance of hypophyseo-adreno-cortical 
system. 
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Thus, the relation of diabetes and the blood pressure has been em- 
phasized for many years. ‘Two groups of patients with and without dia- 
betes were examined in order to see any difference in the incidence of 
hypertension between in the diabetics and nondiabetics. 

The total of 480 cases were picked up at random from non-diabetic 
patients, who were admitted to our Clinic in two years, 1955 to 1957, 
as the control group. ‘The frequency of hypertension in this control was 
only 14,2 per cent, while it was 39.3 per cent in the diabetics who were 
admitted in the same period. Then, hypertension was more frequent in 
diabetic patients than in nondiabetics in this study (Table XIII). 


TABLE XIII 
Comparison of Hypertension in the Patients 
with and without Diabetes Mellitus 





Material Total number Number of Hypertension % 
Diabetics 107 $2 39.3 
Non-diabetics 480 69 14.2 


LABLE XIV 
Comparison of Hypertension in the Diabetics 
and Non-Diabetics in each Decade 





Decade oh 3th 4th Sth 6th 7th | 8th | Total 


Material | 
Total number 2 5 5 29 39 2 1 107 
No. of Hypertension 0 0 l 6 19 14 | 42 


20.0 | 20.7 | 48.7 | 56.0 | 100 | 39.3 


Diabetics 


Per cent 
- Total number 21 112 95 89 88 59 16 480 
3s No. of Hypertension 0 > 8 12 18 22 4 69 
a 
5 Per cent 4.4 | 8.4 13:5 | 20.5 | 37.3 | 2.0 | 14.2 


The most diabetic patients, however, were 40 to 60 years old, so it 
is necessary to compare, the patients with and without diabetes after divid- 
ing into each decade. The results were shown in Table XIV. It was 
found that the occurrence of hypertension in every decade was greater in 
the diabetic group than in the control group; and the significant differ- 
ence, however, was observed only in the 6th decade. The comparison 
of these results with normal Japanese people was shown in Fig. 9 & 10. 
It could not be concluded that the average systolic and diastolic blood 
pressure were significantly higher in the diabetic patients than in the 


normal people in both sexes, respectively. 
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Normal Japanese People in each Decade. 


Fig. 10. 
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Incidence of Kimmelstiel-Wilson Syndrome in Diabetics in the 


Numbers in the colums indicate the cases of Kimmelstiel-Wilson syndrome, 


and in the parentheses indicate total diabetics in each period. 


The occurrence of Kimmelstiel-Wilson syndrome in our Clinic since 
For the last twenty years there was a tendency 


1936 was shown in Fig. 11. 


to increase in its incidence. 


Kimmelstiel-Wilson syndrome was defined 


only clinically, as previously mentioned, in these reports. 

Rogers®) stated that only 28 cases among 41 cases diagnosed to have 
intercapillary glomerurosclerosis clinically could be proved to have anato- 
mic lesions on autopsies, and there was 32 per cent of “‘ false positive error.” 
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Williams® has pointed out that significant albuminuria appears in nearly 
70 per cent of cases with pathologically demonstrable lesions, and hyper- 
tension is found in 60 per cent, and presence of diabetic or hypertensive 
retinopathy in nearly 90 per cent of cases with advanced lesion is note- 
worthy. 

For many years it has been recognized that the atherosclerotic and 
arteriosclerotic changes appear earlier and more frequently in diabetics 
than in nondiabetics (Warren & Le Compte!), 

The incidence of coronary occlusion and infarction with and without 
diabetes has been studied by many researchers. Root e¢ al. found there 
was 32 per cent of coronary occulusion in 349 diabetic necropsies as com- 
pared with 6 per cent in 3400 nondiabetics; Stearns e¢ al.!®) reported in 
clinically 34 per cent of 50 diabetic patients were found to have coronary 
heart disease against in nondiabetics 14 per cent; Feldman e¢ al.}*) con- 
cluded that in 1182 adult nondiabetic necropsies the incidence of coronary 
heart disease was 20.1 per cent while the incidence among diabetic nec- 
ropsies was 43.8 per cent; and Goldenberg e¢ al.®) revealed that myocardial 
infarction was about twice as frequent in diabetics as in nondiabetics. 

The occurrence of myocardial infarction in Japan seems extremely 
low generally as compared with that in Europe and America, and it was 
similar in this report also. 


SUMMARY AND CONDLUSION 


The statistical studies on albuminuria, hypertension, diabetic re- 
tinopathy and ECG abnormalities as the cardiovascular complications in 
172 diabetic patients was performed. All patients were admitted to 
Kurokawa’s Clinic of Tohoku University Hospital from 1955 through 
1957. They were divided into several groups according to sex, diabetic 
type, decade of age and the duration of diabetes for the purpose of study. 

Following results were obtained. 

(1) The incidence of albuminuria was 30.4 per cent, and was 17.9 
per cent when the cases with faint albuminuria were excluded. It was 
equally frequent in females and males, and more frequent in type II 
diabetics than in type I. 

(2) Diabetic retinopathy was observed in 27.1 per cent, and there 
was no significant difference in the occurrence between both sexes. 

(3) Hypertension was present in 38.2 per cent. It was also about 
equally frequent in both sexes, it was more frequent in type I than in 
type II. 

(4) The occurrence of hypertension in the diabetic patients in this 
series was greater than in the nondiabetics in all decades. Significant 
difference was observed in only the 6th decade. It was not found, how- 
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ever, that the average systolic blood pressure of diabetic people in this 
series was higher than of normal Japanese people in both sexes, and the 
average diastolic, too. 

(5) Kimmelstiel-Wilson syndrome was present in 9.3 per cent. 
There was no significant difference in the frequency of Kimmelstiel- 
Wilson syndrome between the both sexes, and between type I and type 
II also. 

(6) The occurrence of ECG abnormalities was 38 per cent. There 
was no significant difference between both sexes, and between both types 
also. 

(7) The incidence of the vascular complications shows a gradual 
increase from 1955 to 1957, and it was found that more than a half of 
the diabetics in last 2 years had at least one of the vascular complications. 

(8) The frequency of hypertension and Kimmelstiel-Wilson syndrome 
increased with the age of diabetic patient, while the frequency of albumi- 
nuria, diabetic retinopathy and ECG abnormalities was not parallel to 
the increase of age. 

(9) It seems, however, that the frequency of albuminuria, diabetic 
retinopathy, Kimmelstiel-Wilson syndrome and ECG abnormalities, except 
hypertension, increase with the prolongation of the duration of diabetes 


mellitus. 
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